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•nils  Is  a  reprint  of  the  Handfcoofc  to  Report  the  Installation  Restoration 
Program  (IRP)  Statemnts  of  Work.  Volum  I-Retaadial  Imestiaation/Feasi- 
bility  Studiw  (RI/FS).  originally  published  In  May  1 991. 

On  1  July  1991,  the  Air  Force  Installation  Restoration  Program  (IRP) 
mission,  formarly  acoonpllshed  by  the  Human  Systems  Division's  Human 
Systems  Program  Office,  IRP  Division  (HSD/YAQ)  was  transferred  to  the  newly 
formed  Air  Force  Center  for  Ehvlronmental  Excellence  (AFCEE),  Envlroivnental 
Services  Office  (ES),  Envirorimental  Restoration  Division  (AFCEE/ESR), 

Brooks  AFB,  Texas. 

All  references  to  the  IRP  Division,  fSD/YfQ  or  Human  Systems  Division 
(AFSC)  i^lcdi  appear  throuc^iout  the  text  of  this  handbook  now  refer  to  the 
Bavlnan— itsl  Reetorstinn  Division,  K/CEE/ISR  and  AIOEB,  respectively. 

Because  Volume  I  (May  1991)  of  the  Handbook  has  already  been  made  part  of 
contractual  agreements  between  the  IRP  Dlvisicxi  (now  AFCEE/ESR)  and 
its  customers,  the  contents  of  this  handbook,  with  the  exception  of  the  few 
changes  noted  below,  have  been  left  Intact. 

The  cover  of  Volume  I  (Reprint)  has  been  changed  to  reflect  the  new 
organizational  changes.  Also,  the  new  organizational  nomenclature  has  been 
incorporated  into  technical  report  cover  and  title  page  formats  found  in 
this  reprint  at  pages  1-13,  1-14,  1-34,  1-35,  4-23,  4-24,  A-1  and  A-2. 
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NOTICES 


When  Government  drawings,  specifications.  *or  other  data  are  used  for  any  purpose 
other  than  a  definitely  related  Govenunent  procurement  operation,  the  Government  incurs  no 
responsibility  or  any  obligation  whatsoever.  The  fact  that  the  Government  may  have 
formulated,  or  in  any  way  supplied  the  drawing,  specifications,  or  other  data,  is  not  to  be 
regarded  by  implication,  or  otherwise,  as  in  any  manner  licensing  the  holder  or  any  other 
person  or  corporation;  or  conveying  any  rights  or  permission  to  manufacture,  use,  or  sell  any 
patented  invention  that  may  in  any  way  be  related  thereto. 

The  mention  of  trade  names  or  commercial  products  in  this  publication  is  for 
illustration  purposes  and  does  not  constitute  endorsement  or  recommendation  for  use  by  the 
United  States  Air  Force. 

Air  Force  instaUations  and  other  Government  agencies  may  direct  requests  for  copies 
of  this  document  to:  Installation  Restoration  Program  Division.  (HSD/Y AQ),  Brooks  Air 
Force  Base.  Texas  78235-5000. 

Requests  for  copies  of  this  document  from  non-Govemment  agencies  and  contractors 
will  be  considered  on  a  case-by-case  basis. 

This  document  has  been  reviewed  by  the  Air  Force  and  is  approved  for  publication. 
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PRETACE 


This  Handbook  was  prepared  by  the  Installation  Restoration  Program  tMvision,  Human 
Systems  ^grun  Office,  Bnxto  Air  Hoice  Base.  Texas,  The  MITRE  Corporation,  and 
Modem  TecMioIogies  Coqraratioo.  The  Handbook  has  evc^ved  in  response  to  revised 
Department  ot  Defense.  Air  Force,  and  regulatory  agency  requirements  and  technical 
advances  in  the  field  of  hazardotu  waste  site  investigations.  It  also  reflects  tire  experience 
and  "lessons  letfned”  fiom  dealing  with  hazardous  waste  investigation  projects.  Many 
individuals  contributed  to  this  version  of  titis  Huuibodc  and  their  efforts  are  greruly 
appreciated. 

The  (femfeook  provides  document  frmnats  and  requirements  to  contractors  for  the 
execution  of  Air  Foice  InstaUation  Restmaiion  Program  (IRP)  Statements  of  Work  (SOW) 
issued  by  HSDfYAQ.  While  we  have  attempted  to  be  as  comprehensive  as  possible,  we 
understand  the  site  and  project  vatitfrUity  that  exists  in  the  Air  Force  IRP.  The  requirements 
in  diis  HandborA  ate«  of  necessity,  somewhat  general  and  must  be  expaitded  based  on  site* 
^recffic  conditions,  the  contractor  shall  crmsider  if  the  requirements  in  this  Handbook  are 
apptopritte  fire  the  particular  sites  under  investi^tirm.  All  proposed  deviations  from  the 
requirements  in  this  Handbordc  ahaU  be  submitted  in  writing  to  the  HSD/YAQ  Technical 
Project  Manager  (TPM)  for  approval  prior  to  proceeding  with  the  affected  work. 

The  requirements  to  this  Hanifeook  have  been  integrated  with  the  SOW  and  the 
requirements  in  each  subsection  tire  SOW  are  addressed  in  the  HandbotA:. 
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1.0  SCOPING  DOCUMENT  FORMATS 


This  section  presents  outlines  for  Installation  Restoration  Program  (IRP) 
scoping  documents.  IRP  Program  Division  (HSD/YAQ)  contractors  are  required  to 
use  ttese  outlines  to  prepare  the  scoping  documents  required  by  the  Statement  of 
Woric  (SOW).  Failure  to  use  these  formats  for  a  project  deliverable  will  require 
revision  of  the  document 
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1.1  WORK  PLAN  OUTLINE 

All  Woit  Plans  prepared  by  contractors  for  IRP  projects  shall  appear  in  the 
following  format,  and  all  applicable  components  of  the  outline  shall  be  addressed. 
The  purpose  of  the  Work  Plan  is  to  describe  the  work  to  be  performed,  explain 
project  objectives,  and  present  the  rationale  for  conducting  specific  project  activities. 
'ihs  technical  requirements  and  guidance  presented  in  this  Handbook  shall  be 
incorporated  as  ^ipropriate  in  the  Woric  Han. 


WORK  PLAN  OUTLINE 

REPORT  COVER  Use  the  Report  Cover  format  provided  at  the  end  of  this 

outline. 

TITLE  PAGE  Use  the  Title  Page  format  provided  at  the  end  of  this 

outline. 


DISCLAIMER 


Use  the  format  in  the  Disclaimer  provided  at  the  end  of 
this  outline. 


REPORT  DOCUMENTATION 

PAGE,  SF  FORM  298  Follow  the  example  provided  at  the  end  of  this  outline. 

PREFACE  Use  the  format  in  the  Preface  provided  at  the  end  of 

this  outline. 

TABLE  OF  CONTENTS 
LIST  OF  RGURES 
LIST  OF  TABLES 
1.0  INTRODUCTION 

1.1  Description  of  the  Air  Force  IRP 

1.2  Hist(»y  of  Past  IRP  Work  at  the  Installation 
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1.2.2  Previous  Investigative  Activities  and  Documentation 

1.2.3  Existing  Remedial  Actions 

1.3  Description  of  Current  Study 

1.3.1  Project  Objectives 

1.3.2  Scoping  Documents 

1.3.3  Identity  of  Subcontractors  and  Their  Roles 

2.0  SUMMARY  OF  EXISTING  LNFORMATION 

Summarize  existing  information  from  previous  IRP  reports  and  other  available 
references. 

2. 1  Installation  Environmental  Setting'-Summanze  available  information  on 
the  environmental  setting  of  the  entire  installation  and  the  demographics  of 
the  surrounding  area. 

2.2  Site-Specific  Environmental  Setting  (approximately  three  pages  of  text  for 
each  site)-Briefly  summarize  available  information  on  a  site  or  zone  basis. 
Repeat  sections  2.2.1  through  2.2.6  for  each  site  or  zone. 

2.2.1  Contaminant  Sources  and  Contamination- Briefly  describe  past 
waste  disposal  practices  and  operations.  Summarize  existing 
information  concerning  the  nature  and  extent  of  site  contamination. 

2.2.2  Geology-Briefly  discuss  and  provide  maps  of  geologic  features 
related  to  project  activities: 

•  Geomorphology. 

•  Stratigraphy,  lithology,  structure,  tectonic  history,  and  historic 
seismic  events. 

•  Soil  properties-texture.  organic  matter  content,  water  content. 
pH,  cation  exchange  capacity,  etc. 

•  Soil  geochemistry-background  or  naturally  occurring 
concentrations  of  analytes. 
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2.2.3  Groundwater-Briefly  discuss  and  provide  maps  of  the  following 
features  of  groundwater  related  to  project  activities.  Emphasis 
should  be  placed  on  the  aquifers  or  water  bearing  zot^  where 
potential  exists  for  contamination. 

•  Identification,  delineation,  and  classification  of  hydrogeoiogic 
units. 

•  Depth  to  water  and  its  variability  over  time  (seasonal  and 
long-term  variations). 

•  Aquifer  characteristics  such  as  storativity,  transmissivity,  and 
boundary  conditions. 

•  Flow  characteristics  such  as  hydraulic  gradients,  velocities,  and 
their  variability  over  time. 

•  Location  and  discharge  of  springs. 

•  Water  quality-background  or  naturally  occurring  coocentratioas 
of  analytes,  temporal  and  spatial  variability  of  concentrations, 
including  seasonal  and  pumping  effects. 

•  Water  use  and  well  inventory. 

2.2.4  Surface  Water-Discuss  and  provide  maps  of  the  following 
characteristics  of  surface  water  related  to  project  activities. 

•  Identification  of  streams,  divides,  wetlands,  ponds,  etc. 

•  Row  characteristics-velocity.  discharge,  seasonal  variability, 
flood  frequencies  and  zoiws,  classification  as  gaining  (effluent) 
or  losing  (influent)  stream. 

•  Water  quality-background  or  naturally  occurring  concentrations 
of  analytes  and  their  temporal  and  spatial  variability. 

•  Water  use. 

2.2.5  Air-Discuss  the  following  characteristics  of  the  ambient  air  related 
to  project  activities: 
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•  Climate. 

•  Meteorological  conditions-temperature  and  precipitation; 
evapotranspiration  (actual  and  potential);  seasonal  variability  of 
wind  velocity  (average  and  maximum)  and  predominant 
direction. 

•  Air  quality-background  or  naturally  occurring  concentrations  of 
analytes  upgradient  of  site;  temporal  and  spatial  variability. 

2.2.6  Biology-Discuss  the  following  characteristics  of  the  ecological 

environment  near  the  site  or  project  activities: 

•  Common  biotic  communities. 

•  Identification  and  location  of  threatened,  endangered,  or  rare 
species. 

•  Sensitive  environments  or  critical  habitats. 

2.3  Conceptual  Site  Model-Summarize,  in  a  single  table,  existing  information 
about  the  natural  conditions  and  contamination  at  each  site.  The  column 
headings  and  information  content  of  the  table  are  listed  below.  Any  lack 
of  information  shall  be  clearly  identiHed.  In  addition  to  the  table,  provide 
drawings  of  the  conceptual  site  model  similar  to  figures  l-I  and  1-2. 
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Column  Heading 
Site  Identification 

Site  Description 

Background  Concentrations 

Contaminants  and 
Contaminated  Media 

Migration  Pathway 
Exposed  Population 
Risk  Estimate 


Content 

Identification  used  to  uniquely  identify  each  site  in  the 
past  and  for  the  current  project 

Brief  description  of  site,  e.g.,  fire  training  area,  landfill, 
petroleum  storage  tank,  spill  area.  Identify  contaminant 
sources  and  amounts,  and  geologic  and  hydrologic 
conditions. 

List  background  concentrations  of  chemicals  in  each 
medium  investigated.  These  concentrations  shall  be 
derived  from  background  samples  associated  with  each 
site.  The  use  of  non-site  specific  literature  values  is 
unacceptable.  Background  is  defined  as  the 
concentration  of  a  chemical  that  would  be  found  in  a 
medium  if  the  medium  had  not  been  affected  by 
activities  at  the  site.  Background  samples  may  have 
been  contaminated  by  off-site  sources. 

List  of  analytes  previously  detected  in 
environmental  samples  with  concentrations  greater  than 
background  levels  that  are  supported  by  accurate  and 
validated  data  and  can  be  attributed  to  site  activities. 
Identify  media  in  which  contaminants  were  detected 
(e.g.,  groundwater,  soil,  sediment),  and  maximum 
concentrations  found  in  each  medium. 

Indication  of  whether  each  contaminant  is  expected  to 
migrate  through  groundwater,  surface  water,  or  air. 

Estimate  of  the  exposed  human  population  for  each 
exposure  pathway:  dermal,  oral,  inhalation. 

Numerical  estimate  of  the  risk  posed  by  carcinogens 
and  non-carcinogens  to  the  exposed  population  through 
each  exposure  pathway. 
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2.4  Remedial  Action-Identify  recommended  remedial  actions  and  interim 
remedial  actions  implemented  at  dte  installation.  Identify  potential 
remedial  action  objectives  for  each  site  and  each  medium  based  on  the 
conceptual  site  model.  The  level  of  detail  shall  be  consistent  with  the 
available  data. 

2.5  Applicable  or  Relevant  and  Appropriate  Requirements  (ARARS)-Identify 
potential  contaminant-specific,  loctuion-specific,  and  action-^cific 
ARARs  based  on  the  conceptual  site  mo^l  and  preliminary  alternatives. 
Consider  all  federal,  state,  and  local  laws,  regulations,  criteria,  advisories, 
and  guidance. 

2.6  Data  Needs-Summarize  the  data  needs  identified  in  the  conceptual  site 
model  for  each  site  and  medium.  Identify  the  data  needed  to  characterize 
the  site,  complete  the  conceptual  site  mo^l,  better  define  ARARs,  and 
perform  an  aiutlysis  of  alternatives.  The  data  needs  shall  be  consistent 
with  project  objectives  listed  in  section  1.3.1  and  3.1  of  the  Work  Plan. 

3.0  REMEDIAL  INVESTIGATION/FEASIBILITY  STUDY  TASKS 

This  section  shall  describe,  in  general  terms,  what  will  be  done  and  why  at  each 
site.  How  these  activities  will  be  accomplished  and  the  details  of  each  field  task 
shall  be  described  in  the  Sampling  and  Analysis  Plan  (SAP). 

3.1  Site  Object! ves-Describe  how  task  activities  will  complete  or  improve  site 
characterization,  the  quantitative  risk  assessment,  and  analysis  of  no 
further  action  or  remedial  alternatives.  Show  how  identified  data  needs 
will  be  addressed  by  the  proposed  field  activities. 

3.2  Field  Investigation 

3.2.1  Field  Tasks-Fw  the  field  activities  required  by  the  SOW  or  any 
others  that  will  be  conducted,  identify  the  purpose  of  the  activity, 
the  location,  and  the  rationale  for  selection  of  that  activity  and 
location.  Provide  a  summary  table  listing  all  field  tasks  to  be 
performed  at  each  site.  Specifics  of  the  field  ta^  will  be 
presented  in  the  SAP.  Examples  of  field  activities  and  required 
explanations  are; 

•  Aquifer  testing-To  derive  hydraulic  properties,  such  as 
transmissivity  and  storativity,  the  contractor  shall  propose  test 
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designs  and  analytical  methods.  Possible  tests  include:  slug 
tests,  pumping  tests,  and  laboratory  falling-head  or  constant- 
head  permeability  tests.  The  design  shall  include  locations  of 
pumping  and  observation  wells;  the  pumping  discharge  point; 
well  completion  diagrams;  descriptions  of  pumps,  slugs,  water 
level  and  discharge  measuring  devices;  and  proposed  analytical 
methods.  Tests  shall  be  designed  to  account  for  changes  in 
water  levels  not  caused  by  the  testing. 

The  contractor  shall  demonstrate  that  the  assumptions  of  the 
analytical  method  used  matches  the  hydrogeological  conceptual 
site  model. 

The  contractor  shall  propose  to  the  Air  Force  the  intended 
analytical  methods  for  deriving  hydraulic  properties,  e.g..  Theis 
method.  Jacob  straight  line  method.  Hantush-Jacob  method. 

The  assumptions  of  the  proposed  analytical  methods  shall  meet 
the  hydrogeologic  conceptual  model. 

When  effective  porosity  or  dispersivity  are  to  be  determined  in 
the  field  the  contractor  shall  propose  tracer  test  designs  and 
methods  of  analyzing  test  data.  The  design  shall  describe  the 
tracers  (e.g..  dyes,  salts),  and  the  instruments  for  measuring 
tracer  concentrations. 

•  Geophysical  surveys--For  each  geophysical  method  used  at  each 
site,  the  following  shall  be  summarized  in  the  work  plan: 

Statement  of  the  problem  to  be  solved  and  how  the 
chosen  geophysical  mediod  addresses  that  problem. 

Depth  of  investigation  provided  by  chosen  method, 
specific  instrumentation,  and  survey  spacing. 

Lateral  resolution  capabilities  of  the  chosen  method, 
specific  instrumentation,  and  survey  spacing. 
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3.2  2  Sampling  and  Analysis  Activities—Provide  a  summary  table  of 
samples  and  analyses  to  be  performed  for  each  site.  Include  ^ 
number  of  samples  for  each  matrix,  type  and  number  of  anal^^s  by 
analytical  method  for  each  sample,  and  field  quality 
assurance/quality  control  (QA/QC)  samples. 

3.3  Literature  Search-Identify  the  information  sources  and  the  objectives  of 
the  literature  search. 

3.4  Record  Keeping-Ideniify  the  records  of  field  and  laboratory  activities  that 
will  be  maintained  to  document  the  project 

3.5  Data  Assessment-Describe  how  project  data  will  be  assessed  and  analyzed 
to  identify  accurate  and  valid  data,  and  to  refine  site  models  in  accordance 
with  the  requirements  in  section  2  of  this  Handbook. 

3.6  Risk  Assessment-Describe  how  the  project  data  will  be  used  to  determine 
contaminant  fate  and  transport  and  develop  a  risk  estimate  for  each 
contaminant  at  each  site,  or  to  improve  the  existing  estimates  of  risk  in 
conformance  with  the  requirements  in  section  2  of  this  Handbook. 

3.7  Bench  Scale/Treatability  Studies-Desctibe  any  studies  that  wUl  be 
conducted.  See  Volume  n  of  the  Handbook  for  further  requirements. 

3.8  Detailed  Analysis  of  Alternatives  (include  this  section  only  if  a  feasibility 
study  is  requiredj-Describe  the  process  that  will  be  used  to  conduct  a 
detailed  analysis  of  alternative  remedial  actions  and  to  identify  a 
recommended  alternative. 

4.0  REPORTING  REQUIREMENTS 

Describe  the  content  and  preparation  of  each  of  the  documents  required  by  the 
SOW.  Requirements  for  the  preparation  of  the  following  documents  are  provided  in 
section  4.0  of  this  Handbook: 

*  Research  and  Development  (R&D)  Status  Report. 

•  Informal  Technical  Information  Reports  (rflRs). 
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•  Technical  Report. 

•  Decision  Documents. 

In  addition,  the  creation  of  computerized  data  files  in  conformance  with  the 
latest  version  of  the  Installation  Restoration  Program  Information  Management 
System  (IRPIMS)  Data  Loading  Handbook  shall  be  described. 


5.0  PROJECT  SCHEDULE 

Provide  a  project  schedule  showing  milestones  and  deliverables. 


REFERENCES 
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i  Contractor' s  Report  Nuitiber) 

INSTALLATION  RESTORATION  PROGRAM  (IRP) 
STAGE  [1,2,  etc] 

WORK  PLAN 


(Betse  and  Address) 

(Contractor's  Name  and  Address) 
(Address) 

(Date) 

(Type  of  Report)  [Final,  Draft,  etc.] 


DISIRIBOTION  STATEMENT 
(ONLY  ON  FIMU  COPY) 


PREPARED  FOR 

(Major  Command  Civil  Engineer  Address)  e.g., 
HEADQUARTERS  STRATEGIC  AIR  COWIAND 
(HQ  SAC/DE) 

Offutt  Air  Force  Base,  Nebraska  68113-5001 


AIR  FORCE  CENTER  FOR  ENVIRONMENTAL  EXCELLENCE 
ENVIRONMENTAL  SERVICES  OFFICE 
ENVIRONMENTAL  RESTCRATION  DIVISION  (AFCEE/ESR) 
BROOKS  AIR  FORCE  BASE,  TEXAS  78235-5000 
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INSTALLATION  RESTORATION  PROGRAM  (IRP) 
STAGE  [1,2,  etc] 

WORK  PLAN 
FOR 

(Base  &  Address) 

(Major  Cotmand  Civil  Engineer  and  A±iress) 
Date 

PREPARED  BY 

(Contractor's  Name  and  A±iress) 

USAF  CONTRACT  NO. _ ,  DELIVERY  ORDER  NO. _ 

CONIRACTOR  CONTRACT  NO. _ ,  DELIVERY  ORDER  NO. _ 


DISTRIBUTION  STATEMENT 
(ONLY  Ol  FINAL  COPY) 


ENVIRONMENTAL  RESTORATION  DIVISION 
('Name,  Grade,  Title) 

TEXMaCAL  PROJECT  MANAGER 


AIR  FORCE  CENTER  FC«  ENVIRONMENTAL  EXCELLENCE 
ENVIROimENrAL  SERVICES  OFFICE 
ENVIRONMHfTAL  RESTORATION  DIVISION  (AFCEE/ESR) 
BROOKS  AIR  FORCE  BASE,  TEXAS  78235-5000 
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NOTICE 


This  report  has  been  prepared  for  the  United  States  Air  Force  by _ 

_ for  the  purpose  of  aiding  in  the  implementation  of  a 

final  remedial  action  plan  under  the  Air  Force  Installation  Restoration  Program  (IRP). 
As  the  report  relates  to  actual  or  possible  releases  of  potentially  hazardous 
substances,  its  release  prior  to  an  Air  Force  final  decision  on  remedial  action  may  be 
in  the  public’s  interest.  The  limited  objectives  of  this  report  and  the  ongoing  nature 
of  the  IRP,  along  with  the  evolving  knowledge  of  site  conditions  and  chemical 
effects  on  the  environment  and  health,  must  be  considered  when  evaluating  this 
report,  since  subsequent  facts  may  become  known  which  may  make  this  report 
premature  or  inaccurate.  Acceptance  of  this  report  in  performance  of  the  contract 
under  which  it  is  prepared  does  not  mean  that  the  Air  Force  adopts  the  conclusions, 
recommendations  or  other  views  expressed  herein,  which  are  those  of  the  contractor 
only  and  do  not  necessarily  reflect  the  official  position  of  the  United  States  Air 
Force. 

Copies  of  this  report  may  be  purchased  from: 

Government  agencies  and  their  contractors  registered  with  the  Defense  Technical 
Information  Center  (DTIC)  should  direct  requests  for  copies  of  this  report  to: 

Defense  Technical  Information  Center.  Cameron  Station,  Alexandria,  VA 
22304-6145. 

Non-Government  agencies  may  purchase  copies  of  this  document  from:  National 
Technical  Information  Service  (NTIS),  5285  Port  Royal  Road,  Springfield,  VA 
22161. 
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Block  20.  Limitation  of  Abstract.  This  block  must 
be  completed  to  assign  a  limitation  to  the 
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WORK  PLAN  PREFACE 


PREFACE 


This  section  should  briefly  describe  the  nature  of  the  work  covered  in  the  work  plan 
and  the  time  period  for  the  work  to  be  accomplished. 

a.  Purpose  of  the  work^vesdgation 

b.  Professional  responsibilities  and  roles  (contractor  personnel) 

c.  Acknowledgements 

d.  Period  of  work  and  TPM  (e.g.,  "This  work  will  be  performed  between 
February  1990  and  September  1992.  Captain  Joseph  W.  Finagle.  IRP  Installation 
Restoration  Program  Division  [HSD/YA(^  was  the  Technical  Project  Manager.") 


Approved: 


Name,  Title  and  Signature 
Contract  Program  Manager  (or  higher) 
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1.2  SAMPLING  AND  ANALYSIS  PLAN  (SAP)  OUTLINE 

All  SAPs  shall  include  both  a  (^luality  Assurance  Project  Plan  (QAPP)  and  a 
Field  Sampling  Plan  (FSP)  describing  how  project  activities  will  be  accomplished. 
The  SAPs  dtall  be  prepared  in  the  following  format  and  all  applicable  components  of 
the  outline  shall  be  addressed.  The  requirements  of  this  Handbook  shall  be 
incorporated  in  the  SAP. 


SAP  OUTLINE 

REPORT  COVER  Use  the  Report  Cover  format  provided  at  the  end  of  this 
outline. 

TITLE  PAGE  Use  the  Title  Page  format  provided  at  the  end  of  this  outline. 

The  Title  Page  shaU  contain  the  following  signatures: 
Contractors’  Project  Manager,  Contractors’  QA  Officer, 
Contractors’  Laboratory  QA  Officer,  and  TPM. 

DISCLAIMER 

REPORT  DOCUMENTATION  PAGE,  SF  Form  298 
PREFACE  (Contractor’s  Option) 

TABLE  OF  CONTENTS 
LIST  OF  FIGURES 
LIST  OF  TABLES 

1.0  QUALITY  ASSURANCE  PROJECT  PLAN  (QAPP) 

(Reference:  ’’Interim  Guidelines  and  Specifications  for  Preparing  (Quality 
Assurance  Project  Plans,"  (^ality  Assurance  Management  Staff  [QAMS1-00S/80. 
U.S.  Environmental  Protection  Agency  (EPA]  [1980]). 

1.1  Introduction 

1.1.1  The  U.S.  Air  Force  Installation  Restoration  Program—Provide  a 
discussion  on  the  background  and  objectives  of  tl^  Air  Force  IRP, 
showing  how  the  Air  Force  IRP  complies  with  the  legislative 
mandates.  The  discusaon  in  the  Woiic  Plan  may  be  referenced. 
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1.1.2  Purpose  and  scope-Briefly  describe  the  purpose,  scope,  content, 
and  use  of  this  SAP. 

1.2.1  Project  background-Identify  the  Air  Force  base  or  facility  and 
provide  a  flgure  showing  the  locations  of  all  IRP  sites.  Summarize 
the  contamination  history  at  each  site  and  the  findings  from 
previous  IRP  investigations  in  tabular  format. 

1.2.2  Project  scope  and  objectives-Summarize  the  objectives  and  the 
work  proposed  for  each  site  (in  tabular  form).  Indicate  the  intended 
use  of  the  data  that  will  be  acquired  during  this  project. 

1.2.3  Subcontractors- Identify  all  subcontractors  and  the  service  they  will 
perform. 

1.3  Project  Organization  and  Responsibility-Provide  a  project  organization 
chart  identifying  task  managers  and  in^viduals  responsible  for  QAJQC, 
including  project,  field,  and  laboratory  QA  officers.  Describe  the  authority 
given  to  each  responsible  individual  to  effect  change  and  approve 
corrective  actions.  If  a  subcontract  laboratory  is  being  used,  the  laboratory 
organization  chart  shall  be  integrated  with  the  prime  contractor’s 
OTganization  chart,  clearly  showing  the  coordination  of  QA/QC  functions 
and  the  assignment  of  responsibilities  in  each  organization. 

1.4  Objectives  for  Measurement  Data 

1.4.1  Definition  of  Criteria-Cleariy  define  how  QA  objectives  will  be 
assessed  on  a  project-wide  basis.  At  a  minimum,  criteria  shall  be 
established  for  accuracy,  precision,  completeness,  comparability, 
and  representativeness.  Define  terminology  associated  with  the 
criteria  and  provide  equations  for  computation  where  applicable. 
These  assessment  criteria  shall  measure  the  quality  of  Held  and 
laboratory  performance  for  the  entire  project;  they  are  not  the  same 
as  control  limits  that  are  used  to  evaluate  individual  analytical 
results. 

1.4.2  Goals-Provide  numerical  goals  for  each  of  the  assessment  criteria 
identified  in  the  previous  section.  Identify  the  consequences  of 
failing  to  meet  the  goals. 
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1.5  Sampling  Procedures 


1.5.1  Sampling  protocols-List  all  applicable  guidelines  and  reference 
documents  for  sample  collection,  transport,  and  storage.  Provicte 
detailed  sampling  protocols  in  the  FSP. 

1.5.2  Sample  handling--The  sample  containers,  sample  volume,  method  of 
preservation,  and  holding  limes  for  each  sample  matrix  and 
analytical  method  shall  be  presented  in  tabular  format  (see  table  2-1 
as  an  example). 

1.6  Sample  Custody 

1.6.1  Field  operations-Refercnce  section  2.2  of  the  FSP. 

1.6.2  Laboratory  operations-Provide  the  following  information  for  each 
laboratory  involved  in  the  project 

1.6.2. 1  Sample  handling-Describe  sample  receipt  storage,  and 
backing  procedures. 

1. 6.2.2  Sample  identification-Describe  procedures  for  sample 
identification  and  the  relation  to  field  identification 
(i.e..  how  sample  numbers  are  assigned).  Also  describe 
how  analytical  batches  or  lots  are  assembled  and 
identified. 

1.6.2. 3  Sample  custody  records»Identify  procedures  and  forms 
for  establishing  sample  custody  and  control  in  the 
laboratory. 

1.7  Calibration  Procedures  and  Frequency  for  Field  Test  Equipment  (reference 

section  2.3  of  the  FSP) 

1.8  Analytical  Procedures 

1.8.1  Identification  of  methodS'-List  all  analytical  methods  to  be  used  for 
this  project  and  reference  the  source  for  each  method.  Provide  a 
copy  of  all  nonstandard  methods  (i.e..  methods  other  than  those 
published  by  EPA.  American  Society  for  Testing  Materials 
[ASTM].  American  Public  Health  Association  [APHA].  and 
National  Institute  for  Occupational  Safety  and  Health  [NIOSHj)  in 
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an  appendix  to  the  SAP.  In  addition,  all  modifications  to  standard 
methods  must  be  identified.  A  discussion  of  the  effects  of 
modifications  on  the  comparability  of  the  data  shall  be  included. 

1.8.2  Detection  and  Quantitation  Limits. 

1.8.2. 1  Terminology-Define  terms  used  for  this  project 

(i.e..  detection  limit,  completeness,  limit  of  quantitation, 
etc.). 

1. 8.2.2  Procedures-Describe  procedures  used  in  the  laboratory 
to  establish  limits  of  detection  and  quantitation. 

Specify  when  the  procedures  will  be  performed  and  the 
frequency  of  verification.  In  no  case  shall  the 
laboratory  establish  quantitation  limits  by  multiplying 
the  detection  limits  by  an  arbitrary  factor. 

1. 8.2.3  Values-List  laboratory-established  detection  and 
quantitation  limits  for  each  analyte  and  matrix  required 
by  the  SOW.  Discuss  and  make  use  of  the  information 
in  section  2.2.3  of  this  Handbook. 

1.8.3  Method  calibration-Describe  calibration  procedures  including 
preparation  of  calibration  standards  for  each  analytical  method. 
Specify  the  frequency  of  initial  calibration  and  continuing 
calibration  checks,  and  provide  the  acceptance  criteria  for  the 
calibration  checks  and  the  standards  curve. 

1.9  Data  Reduction,  Validation,  and  Reporting 

1.9.1  Data  management-Provide  a  data  management  flow  chart 
identifying  laboratory  data  review  and  contractor  data  validation 
including  reporting  functions  (refer  to  section  1.13  of  this  outline 
for  the  requirements  of  the  field  and  laboratory  programs). 

1.9.2  Data  reduction-Describe  data  reduction  process.  Provide  formulas 
used  for  calculations  involving  field  measurements  if  they  are  not 
specified  in  field  methods. 
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1.9.3  Data  quality  assessment-E)escribe  data  quality  assessment 
procedures,  including  the  review  of  field  and  laboratory  data 
records,  any  statistical  analyses  (e.g..  trend  analysis,  measures  of 
variability,  significance  tests)  used  to  evaluate  data  quality,  and 
comparison  of  environmental  data  with  quality  control  criteria  to 
identify  accurate,  precise,  and  usable  data.  Identify  procedures  for 
handling  out-of-control  data,  for  usmg  and  preparing  control  chans, 
and  assessing  data  assot.  .ted  with  contaminated  blanks. 

1.9.4  Data  validation  and  reporting-Describe  the  QA  function  that  will 
occur  during  data  vali^tion  and  technical  repon  preparation. 
Include,  in  outline  form,  the  review  steps  undertaken  to  assure 
reporting  of  valid  data  and  a  table  of  aU  data  qualifiers  used  and 
their  specific  meaning.  (Refer  to  sections  2.3.1,  2.3.2,  and  2.3.3.) 

1.10  Internal  Quality  Control  Checks  for  Field  and  Laboratory  Operations 

1.10.1  Field  quality  control-Reference  section  2.4  of  the  FSP. 

1.10.2  Laboratory  quality  control-Describe  quality  control  for 
laboratory  analyses,  identifying  the  types  of  laboratory 
samples,  the  methods  for  establishment  of  control  limits,  and 
the  use  of  historical  data,  at  a  minimum.  Identify  sources  of 
control  materials.  De.'^be  how  analytical  batches  are 
established  and  how  quality  control  samples  are  included  in  the 
batch. 

1.10.3  Control  limits~For  each  analytical  method,  summarize  in 
tabular  format  the  quality  control  checks,  their  frequency, 
acceptance  criteria,  and  the  corrective  action  if  out-of-Umits. 
Use  the  format  in  table  1-1. 

1.11  Performance  and  System  Audits-Describe  participation  in  external  and 
internal  systems  and  performance  audits  for  laboratory  work.  Specify 
audit  frequencies  and  participating  personnel.  Identify  officials  who 
receive  and  act  upon  the  resdts  of  audit  reports.  List  laboratory 
certifications. 

1.12  Preventive  Maintenance 

1.12.1  Procedures-Describe  preventive  maintenance  procedures  for 
laboratory  equipment. 
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1.12.2  Schedule 

1.13  Field  and  Laboratory  Procedures  used  to  Assess  Data  Precision.  Accunu;y. 

and  Completeness 

1.13.1  F<mnulas~Provide  formulas  used  to  calculate  precision, 
accuracy,  and  completeness. 

1.13.2  Control  limits-Using  the  format  in  table  1-2  for  each  analytical 
method,  identify  the  spiking  cokopounds,  their  concentrations, 
and  the  laboratory  established  control  limits  for  precision  and 
accuracy. 

1.13.3  Documentation-Describe  documentation  and  review  of  QA/QC 
activities  (refer  to  section  1.15  of  this  outline). 

1.14  Corrective  Action 

1.14.1  Response-Describe  te^nses  to  out-of-control  events 
including:  responsibilities  of  personnel  for  ensuring  that  such 
events  are  declared,  notification  procedures,  and  procedures  for 
repeating  or  stopping  woric 

1.14.2  Reestablishment  of  control-Describe  procedures  for 
reevaluation  of  control  limits  and  the  reestablishment  of  control 
after  the  occurrence  of  an  out-of-control  event 

1.14.3  Documentation-Describe  reporting  of  out-cf-control  events, 
corrective  actions,  and  the  establishment  of  control.  Provide  a 
corrective  action  documentation  form. 

1.15  (Quality  Assurance  Reports 

1.15.1  Reporting  procedure-Identify  periodic  reports  prepared  for 

internal  management  and  identify  persons  responsible  for  report 
preparation  and  review. 
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1.15.2  Report  conteni—Idendfy  report  content  including  assessment  of 
data  accuracy,  precision,  and  completeness,  results  of  audits, 
and  methods  of  identifying  and  correcting  QA  problems. 
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Table  1-2.  Laboratory  Control  Limits  for  Matrix  Spikes,  Matrix  Spike  Duplicates,  and  Surrogate  Spikes 
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2.0  FIELD  SAMPLING  PLAN  (FSP) 

The  FSP  provides  requirements  and  procedures  for  ail  field  work  to  be 
conducted.  The  objective  and  purpose  sh^  be  staled  for  the  overall  plan  and  each 
operational  segment  It  shall  be  written  with  a  level  of  detail  so  that  a  sampling  team 
unfamiliar  with  the  project  would  be  able  to  collect  required  samples  and  associated 
information. 

The  FSP  is  considered  part  of  the  SAP  although  it  may  be  bound  separately  to 
facilitate  use  by  field  personnel 

2.1  Field  Operations-Provide  detailed  descriptions  of  the  methods  for 

conducting  the  field  operations  for  this  project  Provide  the  specifications 
applicable  to  the  field  activities  described.  Show  the  locations  of  all 
proposed  field  operations  and  sampling  locations  on  site  maps. 

2.1.1  Site  reconnaissance,  preparation,  and  restoration  procedures-- 
Describe  any  special  site  preparation  requirements  (e.g..  fencing  off 
the  site  to  prevent  access  by  unauthorized  personnel,  heavy 
equipment  to  clear  trees).  Describe  how  and  where 
decontamination  of  equipment  and  personnel  will  be  performed. 
Provide  information  on  the  field  ofOce/laboratory  locations  and  the 
location  of  emergency  equipment  (e.g..  fue  extinguishers,  personnel 
safety  equipment).  Describe  how  the  site  will  be  restored  after  field 
activities  have  been  completed. 

2.1.2  Surface  geophysical  surveys— Describe  the  specific  equipment  to  be 
used  and  how  the  survey  will  be  conducted.  Include  information  on 
equipment  calibration,  establishment  of  grid  patterns,  and  quality 
control  procedures. 

2.1.3  Soil  gas  surveys-Describe  the  equipment  to  be  used  and  how  the 
survey  will  be  conducted.  Inclu^  information  on  equipment 
calibration,  grid  pattern,  and  quality  control  procedures.  Refer  to 
the  information  in  paragraph  2.1.3.S  of  section  2.0  of  the  Handbook 
prior  to  writing  this  description. 

2.1.4  Borehole  construction,  lithologic  sampling,  and  logging-Describe 
the  drilling  method  and  equipment  to  be  used  for  lithologic 
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sampling  and  logging.  If  drilling  fluid  is  to  be  used,  provide 
information  on  its  composition. 

2.1.5  Monitor  well  construction  and  development-IdenUfy  methods  and 
materials  of  construction,  schedule,  diameter,  screen  slot  size,  etc. 
Describe  criteria  to  be  used  to  determine  placement  of  the  well 
screen,  and  methods  and  duration  of  well  development 

2.1.6  Aquifer  tests-Desciibe  tl»  equipment  to  be  used,  including  its 
calibration.  Include  methods  for  calculating  aquifer  characteristics. 

2.1.7  Test  pit  excavation-Describe  dimensioas  of  test  pits,  method  of 
excavation  (e.g.,  shovel,  backhoe),  and  method  of  shoring  (if 
applicable). 

2.1.8  Surveying-Specify  the  survey  method  and  bench  mark  to  be  used. 

2.1.9  Equipment  decontamination-Describe  the  decontamination  of 
drilling  equipment  well  constructitm  materials,  etc.  Refer  to  the 
information  in  paragraph  2.1.1.3  of  section  2.0  of  the  Handbook 
prior  to  writing  this  description. 

2.1.10  Waste  handling-Describe  procedures  for  handling  and  disposing  of 
waste  generated  on-site  (e.g.,  well  development  fluids,  equipment 
decontamination  fluids,  disposable  protective  clothing). 

2.1.11  Summarize  in  tabular  form  the  type  and  number  of  field  activities 
to  be  conducted  at  each  site.  Identify  the  number  of  mtmitor  wells 
to  be  constructed,  the  type  and  number  of  aquifer  tests,  frequency 
of  sampling,  etc. 

2.2  Environmental  Sampling 

2.2.1  Procedures-Provide  detailed  descriptions  of  the  methods  and 
procedures  to  be  used  for  collecting  environmental  samples  from 
groundwater,  surface  water,  soil,  sediment,  air,  and  biological 
materials.  Provide  enough  detail  so  a  field  team  not  familiar  with 
the  project  could  properly  collect  all  samples. 

2.2.2  Sample  handling-Identify  types  of  sample  containers,  sample 
volumes,  methods  of  preservation,  sample  identification,  sample 
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holding  times,  and  sample  packaging  and  shipping  method.  Refer 
to  table  2-1  for  the  requirements. 

2.2.3  Sample  custody-Identify  procedures  and  forms  for  establishing 
sample  custody  in  the  field  and  during  shipment  to  the  laboratory. 

2.2.4  QC  samples-Describe  the  preparation,  collection.  &equency  of  use, 
and  identification  of  field  QC  samples. 

2.2.5  Sample  analysis  summary-For  each  analytical  method,  identify  the 
reporting  units,  the  total  number  of  environmental  samples  for  all 
media,  tte  number  of  trip  blanks,  the  number  of  ambient  conditions 
blanks,  the  number  of  equipment  blanks,  the  number  of  field 
duplicate  samples,  and  the  estimated  number  of  second-column 
confirmations  on  a  site-by-site  and  project  total  basis.  Total  the 
number  of  analyses  for  the  entire  project  by  each  analytical  method. 

2.3  Field  Measurements-The  following  information  may  be  presented  in 

tabular  format: 

2.3.1  Parameters-Identify  parameters  to  be  measured  in  the  field  and  the 
equipment  that  will  be  used  for  the  measurements. 

2.3.2  Equipment  calibradon-Descrbe  how  and  when  the  equipment  used 
to  measure  each  field  parameter  will  be  calibrated.  Include  sources 
of  calibration  materials  and  provide  acceptance  criteria  for  the 
calibration  data. 

2.3.3  Equipment  maintenance-Describe  equipment  maintenance 
procedures  and  schedules. 

2.3.4  Deconiamination-Describe  equipment  decontamination  procedures. 

2.4  Field  QA/QC  Program 

2.4. 1  Control  parameters-Identify  and  describe  parameters  that  will  be 
controlled  during  field  operations,  sampling,  and  measurement. 
Identify  the  frequency  of  control  checks  and  sources  of  any  control 
materials. 
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2.4.2  Control  Umits-Provide  the  acceptance  criteria  for  each  parameter 
that  is  controlled  (use  tte  format  in  table  1-1). 

2.4.3  Corrective  actions-Describe  the  actions  required  from  field 
personnel  in  the  event  that  controlled  parameters  exceed  the 
acceptance  criteria.  Provide  a  copy  of  the  form  used  to  document 
exceedance  of  criteria  and  subsequent  corrective  actions. 

2.5  Record  Keeping-Identiiy  the  records  of  field  operations,  sampling,  and 
measurement  that  will  be  maintained  by  field  personnel  Include  any 
forms  that  will  be  used. 

2.6  Site  Management-Identify  the  HSD/YAQ  TPM  and  base  point  of  contact 
(include  phone  numbers).  Elescribe  the  support  to  be  provided  by  the  base 
during  field  activities.  Discuss  contingetKy  plans  to  be  initiated  if 
problems  are  encountered  during  the  Held  fnogram  (e.g.,  special 
notifications,  backup  equipment/personnel).  Do  not  include  contingency 
plans  related  to  personnel  safety.  These  are  to  be  covered  in  the  project 
Health  and  Safety  Plan. 
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(Contractor' s  Report  Nunixr) 

INSTALLATION  RESTCRATICN  FROGRAM  (IRP) 
STAGE  [1,2,  etc] 

SAMPLING  AND  ANALYSIS  PLAN 


(Base  and  A±iress) 

(Contractor's  Name  and  Address 
(Address) 

(Date) 

(Type  of  Report)  [Final,  Draft,  etc.] 

DISroiBOTION  STATEMENT 
(ONLY  ON  FINAL  COPY) 


PREPARED  PC» 

(Major  Camand  Civil  Engineer  Address)  e.g., 
HEADQUARTERS  STRATEGIC  AIR  COMt'ND 
(HQ  SAC/DE) 

Offutt  Air  Force  Base,  Nebraska  68113-5001 


AIR  FC»CE  CEMTER  PCH  ENVIRONMENTAL  EXCELLENCE 
ENVIRONMEMTAL  SERVICES  OFFICE 
ENVIR0NME2TTAL  RESTORATION  DIVISION  (APCEE/ESR) 
BROOKS  AIR  FORCE  BASE,  TEXAS  78235-5000 
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INSTALLATION  RESTORATION  PROGRAM  (IRP) 
STAGE  [1,2,  etc] 

SAMPLING  AND  ANALYSIS  PLAN 
FOR 

(Base  &  Address^ 

(Major  Conmand  Civil  Engineer  and  Address) 
(Date) 
raEPARED  BY 

(Contractor’ s  Name  and  Address/^ 

USAF  cotrmci  number. _ ,  delivery  osam  no. _ 

CONIRACrCR  CONTRACT  NO. _ ,  DELIVERY  ORMR  NO. _ 

Ccxitractor '  s  laboratory  QA 

Project  Manager  Officer 


Ccxitractor's  USAF  Tedinical 

QA  Officer  Program  Manager 


ENVIRONMENTAL  RESTORATION  DIVISION 
(Name,  Grade,  Title) 

TECHNICAL  PROJECT  MANAGER 


AIR  FORCE  CEOTER  FOR  ENVIRONMENTAL  EXCELLENCE 
ENVIRONMENTAL  SERVICES  OFFICE 
ENVIRONMENTAL  RESTORATION  DIVISION  (AFCEE/ESR) 
BROOKS  AIR  FORCE  BASE,  TEXAS  78235-5000 
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1.3  HEALTH  AND  SAFETY  PLAN  OUTLINE 

Each  site  Health  and  Safety  Plan  (HSP)  shall  include,  at  a  minimum,  the 
elements  listed  below.  The  Occupadoncd  and  Heaitk  Guidance  Manual  for 
Hazardous  Waste  Site  Activities  ^HOSH/Occupational  Safety  &  Health 
Administration  [OSHA]/U.S.  Geological  Survey  [USGS]/EPA,  1985)  provides 
additional  general  guidance,  while  29  CFR  1910.120  contains  speciHc  requirements. 

•  Introduction 

Background-Identity  site  location,  and  provide  summaries  of  site 
histtny,  conceptual  site  model,  and  planned  activities. 

Organization-Desciibe  the  safety  organization  structure,  identify 
safety  program  members  and  describe  their  responsibilities,  and 
provide  an  emergency  telephone  number  for  each  safety  program 
member. 

Site  mt^-ldentity  zones  of  exclusion,  work  staging  areas, 
decontamination  areas,  alarms,  emergency  le^nse  equipment 
locations,  site  entrances  and  exits;  evacuation  routes,  telephones, 
etc. 

•  Hazard  AnalysiS'-Identify  potential  health  and  safety  risks  for  each  task 
and  operation.  Identity  site  contaminants  and  hazardous  materials  that  are 
planned  for  on-site  use.  ^pend  material  safety  data  sheets  for  each 
chemical  hazard  to  the  HSP. 

•  Site  Woiter  Training-State  each  worker’s  OSHA  training  status  uncter 
29  CFR  1910.120.  Identity  the  time,  location,  and  subject  matter  of  site 
w(Mker  training  sessions.  Include  a  schedule  for  the  pre-entry  briefings 
held  prior  to  initiating  on-site  activities. 

•  Personnel  Protection-Identity  the  personal  protective  equipment  to  be  used 
by  on-site  employees  for  each  protection  level  that  may  be  required. 

Include  equipment  testing,  decontamination  procedures,  and  frequencies. 

•  Medical  Surveillance-Describe  medical  surveillance  program  to  be 
implemented  to  screen  and  monitor  site  personnel. 
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•  Monitoring‘-Ideatify  the  frequency  of,  and  methods  to  be  used  to  monitor 
ambient  air,  site  personnel,  and  environmental  media  to  ensure  the  safety 
of  site  personnel  and  the  public.  Include  descriptions  of  instnimentation, 
calilnation,  and  quality  control  practices.  Identify  action  levels  associated 
with  each  monitored  parameter,  and  provide  inftmnation  to  submit  the 
action  level  selected. 

•  Site  Control-Identify  procedures  for  controlling  access  to  restricted  areas 
and  preventing  contamination  of  clean  areas  and  site  perscmnel.  Identify 
areas  that  require  the  use  of  personal  protective  equipment  on  a  site  map. 
Describe  the  steps  to  be  taken  to  ensure  safe  working  conditions  and 
communication  among  site  personnel. 

•  Decontamination  Procedures 

•  Confined  Space  Entry  Procedures 

•  Emergency  Response  Plan-Identify  the  safety  practices,  prepared 
procedures,  emergency  telephone  numbers,  and  emergency  re^xmse  and 
follow-up  for  each  site  hazard  identified  in  the  HSP.  Responses 
appropriate  to  all  potential  emergencies,  spills,  or  contaminant  releases 
shtnild  be  described.  The  location  and  use  of  emergency  response 
equipment,  personnel,  and  services  shall  be  described.  Also  identify  all 
regulaUMy  agencies  requiring  notification  of  an  emergency  response. 
Describe  the  system  for  contacting  response  personnel  and  regulatory 
authorities  in  the  event  of  an  emergency.  Outfine  die  emergency  response 
documentation  requirements. 
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1.4  COMMIJNITY  RELATIONS  PLAN  OUTLINE 

A  community  relations  plan  (CRP)  that  documents  the  community  relaticnis 
history  and  the  issues  of  community  coacem  shall  be  prepared  using  apprc^niate 
portions  of  tire  CRP  outlined  below.  Further  guidance  may  be  found  in  Community 
Relations  in  Superfund:  A  Handbook^  Office  of  Solid  Waste  and  Emergency 
Response  (OSWER)  E>irective  9230.0>3B,  (EPA.  Interim,  June  1988). 

SUGGESTED  OUTLINE  SUGGESTED  LENGTH 

•  Overview  of  CRP 

Purpose  of  CRP  1  paragraph-several  pages 

Distinctive  feature(s)  of  CRP 
for  the  site 

Special  circumstances 

•  Capsule  Site  Description 

Site  history  1  page 

Dates  and  types  of  releases 

Nature  and  types  of  threats  to  public 
health  and  the  environment 

•  Community  Background 

Community  profile;  economic  and  3-7  pages 

political  structure 

Chronology  of  involvement;  past 
reactions  of  commuitity  towards  site, 
citizen  actions  and  attitudes  towards 
the  Air  Force 

Key  community  concerns;  how  each  segment  of 
the  communis  perceives  the  risks  posed  by 
the  site  or  its  remediation 
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SUGGESTED  OUTLINE  SUGGESTED  LENGTH 


•  Highlights  of  Program 

Concrete  details  on  approaches  to  be  2-3  pages 

taken  based  on  community  background 
Resources  and  meeting  places  to  be  used 
Key  individuals  and  organizations  to  involve 
Arw  of  sensitivity  to  consider 

•  Techniques  and  Times 

Planned  activities  and  when  they  will  2*3  pages 

be  conducted  matrix  suitable 

•  A4)pendixes 

Mailing  list  of  interested  parties  and  key  contacts* 

Locations  of  meetings 
Locations  of  information  repositories 

•  Names  and  addresses  of  individuals  should  not  be  included  in  the  plan 
presented  to  the  information  repository  because  release  authorization  has 
not  normally  been  requested  of  ttese  individuals.  The  names  and 
addresses  should  be  placed  in  the  Public  Affairs  (Xfice  files. 
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2.0  PROJECT  IMPLEMENTATION  REQUIREMENTS 


This  section  contains  requirements  for  conducting  IRP  projects.  This  material  is 
incorporated  into  the  SOW  by  reference.  The  requirements  shall  be  followed  by  IRP 
Program  Division  (HSDA'Al^  contractors  in  the  preparation  of  work  plans,  sampling 
and  analysis  plans,  in  implementing  field  activities  and  laboratory  analyses,  and  in 
documenting  project  activities  in  technical  reports.  The  contractor  shall  ensure  all  of 
its  subcontractors  also  follow  these  requirements. 


2.1  HYDROLOGIC  INVESTIGATIONS 

2.1.1  General  Requirements 

The  contractor  shall  comply  with  the  requirements  and  guidelines  given  in  the 
applicable  documents  listed  in  section  4  of  this  Handbook.  Where  conflicting 
guidance  exists,  follow  the  requirements  of  this  HandbotA.  The  following 
requirements  apply  to  all  hydrologic  activities. 

2.1.1.1  Record  Keeping 

a.  The  contractor  shall  maintain  fleld  records  sufficient  to  recreate  all 
sampling  and  measurement  activities  and  to  meet  all  IRPIMS  data  loading 
requirements.  The  requiremeats  listed  in  this  section  apply  to  all 
measuring  and  sampling  activities.  Requirements  specific  to  individual 
activities  ate  listed  in  the  section  that  addresses  each  activity.  The 
information  shall  be  recorded  with  indelible  ink  in  a  permanently  bound 
notebook  with  sequentially  numbered  pages.  These  records  shall  be 
archived  in  an  easily  accessible  form  and  made  available  to  the  Air  Fonx 
upon  request 

b.  The  following  information  shall  be  recorded  for  all  activities: 

(1)  Location. 

(2)  Date  and  time. 

(3)  Identity  of  people  performing  activity. 

(4)  Weather  conditions. 


2-1 


c.  The  following  additional  information  shall  be  recorded  for  all  field 
measurements: 

(1)  The  numerical  value  and  units  of  each  measureroenL 

(2)  The  identity  of  and  calibration  results  for  each  field  instrument. 

d.  The  following  additional  information  shall  be  recorded  for  all  sampling 
activities: 

(1)  Sample  type  and  sarni^g  method. 

(2)  The  identity  of  each  sample  and  depthfs)  from  which  it  was 
collected. 

(3)  The  amount  of  each  sample. 

(4)  Sample  description  (e.g..  color,  odor,  clarity). 

(5)  Identification  of  sampling  devices. 

(6)  Identification  of  conditions  that  might  affect  the  representativeness 
of  a  sample  (e.g..  refueling  operations,  damaged  casing). 

2.1.1.2  Containerization 

a.  All  materials  excavated  from  boreholes  and  test  pits  shall  be  examined  to 
identify  potential  hazards. 

b.  Materials  that  are  suspected  to  be  hazardous  because  of  abnormal  color, 
odor,  or  organic  vapor  monitor  readings,  shall  be  containerized  in 
conformance  with  the  Resource  Conservation  and  Recovery  Act  (RCRA), 
and  state  and  local  requirements. 

c.  The  contractor  shall  provide  the  containers  and  tran^n  them  to  a 
location  designated  by  the  Air  Force. 

d.  The  contents  of  the  containers  shall  be  analyzed  as  specified  in  annex  A  of 
the  SOW. 

e.  Water  discharges  asMCirued  with  well  development,  purging,  and  aquifer 
testing  shall  not  be  containerized  unless  called  for  in  the  SOW. 
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2.1. 1.3  Oecontamination 


a.  All  equipment  that  may  directly  or  indirectly  contact  samples  shall  be 
decontaminated  at  a  designated  decontamination  area.  This  includes 
casing,  drill  bits,  auger  flights,  the  portions  of  drill  rigs  that  stand  above 
boreholes,  sampling  devices,  and  instruments  such  as  slugs  and  sounders. 
In  addition,  the  contractor  shall  talce  care  to  prevent  the  sample  from 
coming  into  contact  with  potentially  contaminating  substances  such  as 
tape,  oil.  engine  exhaust,  corroded  surfaces,  and  dirt 

b.  The  following  procedure  shall  be  used  to  decontaminate  large  pieces  of 
equipment  such  as  drill  rigs,  auger  flights,  and  casing: 

(1)  Wash  the  external  surfaces  of  equipment  high-pressure  hot  water 
and  Alconox  or  equivalent  If  necessary,  scrub  until  all  visible  dirt, 
grime,  grease,  oil,  loose  paint  rust  flakes,  etc.,  have  been  removed. 
The  inside  surfaces  of  casing,  drill  rod,  and  auger  flights  shall  also 
be  washed  as  described  above.  Specific  decontamination 
instructions  shall  be  included  in  the  SAP. 

(2)  Rinse  with  potable  wc^sr. 

(3)  This  (tecontamination  procedure  shall  be  performed  before 
equipment  is  used  and  between  each  well  or  other  sampling 
location. 

c.  llie  foUowlng  procedure  shall  be  used  to  decontaminate  sampling  devices 
such  as  split  spoons,  bailers,  and  hand  augers: 

(1)  Scrub  the  equipment  with  a  solution  of  potable  water  and  Alconox. 
or  equivalent  laboratory-grade  detergent  Rinse  equipment  with 
copious  quantities  of  potable  water  followed  by  a  Reagent  Grade  D 
Water  rinse.  High  pressure  liquid  chromatograph  (HPLC)  Grade 
Water  or  distilled  water  purchased  in  stores  is  not  an  acceptable 
substitute  for  Reagent  Grade  n  Water  (see  section  2.1.3  for  Type  II 
Reagent  Grade  Water  requirements). 

(2)  Rinse  equipment  with  pesticide- grade  methanol. 

(3)  Rinse  equipment  with  pesticide-grade  hexane.  Certain  states  may 
prohibit  the  use  of  hexanes.  In  these  cases  a  substitute  solvent 
should  be  presented  for  iq>proval  by  the  TPM  and  discussed  in 
terms  of  comparability  and  compatibility. 
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(4)  Air  dry  equipment  on  a  clean  surface  such  as  teflon,  stainless  steel, 
or  oil-free  aluminum.  If  the  sampling  device  will  not  be  used 
immediately  after  being  decontaminated  wrap  it  in  oil-free 
aluminum  foil.  Note:  The  aluminum  foil  sold  in  stores  is  usually 
coated  >vith  a  film  of  vegetable  oil.  Oil-free  foil  can  be  obtained 
from  scientific  supply  houses. 

d.  Reagent  grade  water,  methanol,  and  hexane  shall  be  purchased,  stored,  and 
di^nsed  only  in  glass,  stainless  steel,  or  Teflon  containers.  These 
containers  sht^  have  Teflon  caps  or  cap  liners.  It  is  the  contractor’s 
responsibility  to  assure  these  materials  remain  free  of  contaminants. 
Additional  testing  at  no  cost  to  the  government  may  be  necessary  to  verify 
die  purity  of  materials  (i.e.,  material  blanks,  etc.). 

2. 1.1.4  Geologic  Standards 

a.  Lithologic  descriptions 
Consolidated  materials: 

(1)  Descriptions  of  igneous,  metamorphic,  and  sedimentary  rocks  shall 
follow  standard  professional  nomenclature  (cf.  Tennissen,  A.C.. 
1983,  Nature  of  Earth  Materials,  2nd  Edition,  p.  204-348).  Special 
attention  shall  be  given  to  describing  fractures,  vugs,  solution 
cavities  and  their  fillings  or  coatings,  and  any  other  characteristics 
affecting  permeability. 

(2)  Colors  shall  be  designated  by  the  Munsell  Color  System. 
Unconsolidated  materials: 

(3)  Deposit  names  shall  follow  the  name  of  the  predominant  particle 
size. 

(4)  Dimensions  of  the  predominant  and  secondary  sizes  shall  be 
recorded  using  the  metric  system. 

(5)  Descriptions  of  clastic  deposits  shall  include  symbols  of  the  Unified 
Soil  Classification  System. 

(6)  The  grain  size  and  name  of  the  deposit  shall  be  accompanied  by  the 
predominant  mineral  content,  accessory  minerals,  color,  particle 
angularity,  and  other  characteristics. 
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b.  niustratioiis-Sedimentary,  igneous,  and  metamorphic  rocks  should  be 
identified  graphically  by  the  symbols  from  Ridgeway,  J.  L.,  1920, 
Preparation  of  Illustrations  for  Reports  of  the  U.S.  Geological  Survey, 

Plate  m.  Columnar  sections,  well  logs,  well  construction  diagrams,  cross- 
sections,  three-dimensional  (3-D)  diagrams,  and  maps  should  use  such 
standard  patterns. 

c.  Scales-Scales  for  maps,  cross-sections,  or  3-D  diagrams  should  be 
selected  in  accordance  ivith  the  geologic  and  hydrologic  complexity  of  the 
area  and  the  purposes  of  the  illustrations.  Geophysical  logs  shall  be  run  at 
a  constant  vertical  scale  of  1  inch  equals  20  feet  When  geophysical  logs 
are  superimposed  on  geologic  logs  for  cross-sections  or  3-D  diagrams,  the 
scales  shall  be  the  same.  If  defining  geological  conditions  requires  other 
scales,  additional  logs  at  those  scales  shall  be  provided. 

d.  Orientation-Cross-sections  shall  show  the  northern  end  on  the  viewer’s 
right  If  the  line  of  cross-section  is  predominantly  east-west  the  eastern 
end  is  on  the  right  Maps  shall  be  oriented  with  north  toward  the  top, 
unless  shape  of  the  area  dictates  otherwise.  Indicate  orientation  with  a 
nmth  arrow. 

2.1. 1.5  Surveying 

All  surveyed  locations  of  field  activities  shall  be  measured  by  a  certified  land 
surveyor  as  the  distance  in  feet  from  a  reference  location  that  is  tied  to  the  state 
plane  system.  The  surveys  shall  be  third  order  (cf.  Uiquhait,  L.C.,  1962  Civil 
Engineering  Handbook,  4th  edition,  p.  96  and  97).  An  xy-coordinate  system  shall  be 
used  to  identify  locations.  The  x-coordinate  shall  be  the  east-west  axis,  the 
y-coordinate  shall  be  the  north-south  axis.  The  reference  location  is  the  origin.  The 
elevation  of  all  newly  installed  wells  and  piezometers  shall  be  surveyed  at  the  water 
level  measuring  point  (notch)  on  the  riser  pipe.  Include  the  elevation  of  tire  ground 
surface  in  the  survey. 

2.1.2  Construction  and  Testing 

2.1.2. 1  Monitor  Well  Construction  and  Design 

a.  Drilling,  lithologic  sampling,  and  monitor  well  consti^tion  shall  be 
supervised  by  a  state  licensed  geologist,  hydrogeologist,  or  geotechnical 
engineer.  Decisions  on  well  locations,  depths,  screened  intervals,  and 
other  construction  details  shall  be  made  collectively  by  the  HSD/YAQ 
TPM  and  the  conuactor’s  project  manager.  When  there  is  a  possibility 
that  floating  petroleum  products  will  be  encountered,  shallow  monitor 
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wells  shall  be  screened  across  the  water  table.  The  length  of  the  screen 

shall  be  such  that  tidal  and  seasonal  water  tabic  fluctuations  shall  not 

cause  water  levels  to  rise  above  or  fall  below  the  screened  interval. 

b.  Drilling 

(1)  All  drilling  and  well  installations  shall  conform  to  state  and  local 
regulations.  The  contractor  shall  obtain  and  pay  for  all  permits, 
applications,  and  other  documents  required  by  state  and  local 
authorities. 

(2)  The  location  of  all  borings  shall  be  approved  in  writing  by  the  base 
civil  engineer  before  drilling  commences. 

(3)  The  rig  shall  be  cleaned  and  decontaminated  according  to  the 
specifications  of  section  2.I.I.3. 

(4)  The  rig  shall  not  leak  any  fluids  that  may  enter  the  borehole  or 
contaminate  equipment  that  is  placed  in  the  hole.  The  use  of  rags 
or  diapers  to  absorb  leaking  fluids  is  unacceptable. 

(5)  The  only  acceptable  drilling  fluids  are  air.  water,  and  mud.  The  air 
shall  be  filtered  to  remove  organic  vapors,  the  water  shall  be  from  a 
source  approved  by  the  TPM,  and  the  mud  shall  be  100  percent 
sodium  bentonite  approved  by  the  TPM. 

(6)  When  air  is  used,  the  effectiveness  of  the  filter  shall  be  checked  at 
least  every  four  hours.  Air  passing  through  the  downstream  end  of 
the  air  line  shall  be  monitored  with  an  organic  vapor  monitor 
(e.g.,  photoionization  detector  fHNu],  organic  vapor  analyzer 
[OVA]).  If  organic  vapors  are  detected,  their  source  (filter, 
contaminated  line,  etc.)  shall  be  decontaminated  or  replaced. 

(7)  Lubricants  shall  not  introduce  contaminants.  Unless  Teflon  tape  is 
the  only  lubricant  used,  the  contractor  shall  obtain  written 
authorization  from  the  TPM  for  any  lubricant  used  on  equipment 
that  enters  the  hole. 

(8)  The  contractor  shall  dispose  of  ail  trash,  waste  grout,  cuttings,  and 
drilling  fluids  as  directed  by  the  base  civil  engineer. 
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(9)  When  installing  wells  through  more  than  one  water  bearing  zone  or 
aquifer,  the  contractor  shall  take  measures  to  prevent  cross- 
connection  or  cross -contamination  of  the  zones  or  aquifers. 

c.  The  borehole 

( 1 )  The  borehole  diameter  shall  be  at  least  four  inches  larger  than  the 
outside  diameter  of  the  casing  and  well  screen.  In  the  case  of  a 
hollow  stem  auger,  the  inside  diameter  of  the  auger  shall  be  at  least 
four  inches  larger  than  the  outside  diameter  of  the  casing  and  well 
screen. 

(2)  The  borehole  shall  be  straight  and  plumb  within  three  degrees  of 
vertical. 

(3)  Formation  samples  for  lithologic  description  shall  be  obtained  at 
each  change  in  lithology  or  at  five-foot  intervals,  whichever  is  less, 
or  as  specified  in  the  SOW.  All  samples  shall  be  monitored  with 
an  organic  vapor  monitor  (e.g..  HNu,  OVA).  Cuttings  shall  be 
screened  for  their  hazardous  characteristics  as  specified  in 
section  2. 1.1. 2.  Rock  cores  shall  be  stored  in  standard  core  boxes 
and  missing  sections  of  core  shall  be  replaced  with  spacers. 

(4)  In  addition  to  the  information  listed  in  section  2. 1.1.1  record  the 
following  for  each  boring: 

•  Boring  or  well  identification.  (This  identification  shall  be 
unique.  The  contractor  is  responsible  for  ensuring  that  it  has 
not  previously  been  used  at  the  installation.) 

•  Purpose  of  boring  (e.g.,  soil  sampling,  monitor  well). 

•  Location  in  relation  to  an  easily  identifiable  landmark. 

•  Name  of  drilling  contractor. 

•  Drilling  method. 

•  Types  of  drilling  fluids  and  depths  at  which  they  were  used. 

•  Diameter  of  surface  casing,  casing  type,  and  methods  of 

installation. 
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•  Depth  at  which  saturated  conditions  were  first  encountered. 

•  Lithologic  descriptions  and  depths  of  lithologic  boundaries. 

•  Sample  depths. 

•  Zones  of  caving  or  heaving. 

•  Depths  at  which  drilling  fluid  was  lost  and  amount  lost 

•  Changes  in  drilling  fluid  properties. 

•  Drilling  rate. 

•  Drilling  rig  reactions  such  as  chatter,  rod  drops,  and  bouncing. 

In  addition  to  the  above,  the  following  information  shall  be  recorded  when 
rock  core  samples  are  collected: 

•  The  depth  interval,  and  top  and  bottom  of  each  core  shall  be 
malted  on  the  core  box. 

•  Percentage  of  core  recovered. 

•  Number  of  fractures  per  foot 

•  Angle  of  fractures  relative  to  the  core  axis. 

•  Breaks  due  to  coring  and  core  handling  shall  be  distinguished 
from  naturall>  occurring  fractures. 

(5)  A  standard  penetration  test  shall  be  performed  each  time  a  split 
spoon  sample  is  taken.  The  test  shall  be  performed  in  accordance 
with  ASTM  method  D-1586. 


d.  Casing 

(1)  All  casing  shall  be  new  and  unused,  and  decontaminated  according 
to  the  specifications  of  section  2. 1.1. 3. 

(2)  Glue  shall  not  be  used  to  join  casing.  Casing  shall  be  joined  only 
with  compatible  welds  or  couplings  that  will  not  interfere  with  the 
planned  use  of  the  well. 
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(3)  All  PVC  shall  conform  to  the  ASTM  standard  F-480-88A  or  the 
National  Sanitation  Foundation  Standard  14  (Plastic  Pipe  System). 

(4)  All  metal  casing  shall  be  seamless  stainless  steel  casing,  unless 
prior  authorization  is  obtained  from  the  TPM.  The  casing  "mill" 
papers  shall  be  included  in  the  appendix  of  the  technical  report 

(5)  The  casing  shall  be  straight  and  plumb  within  three  degrees  of 
vertical. 

(6)  A  notch  shall  be  cut  in  the  top  of  the  casing  to  be  used  as  a 
measuring  point  for  water  levels. 

e.  Well  screen 

(1)  All  the  requirements  that  apply  to  casing  shall  also  apply  to  well 
screen,  except  for  strength  requirements. 

(2)  Monitor  wells  shall  not  be  screened  across  more  than  one  water¬ 
bearing  unit 

(3)  Screens  shall  be  factory  slotted  or  wrapped. 

(4)  Screen  slots  shall  be  sized  to  prevent  90  percent  of  the  filter  pack 
from  entering  the  well.  For  wells  where  no  filter  pack  is  used,  the 
screen  slot  size  shall  be  selected  to  retain  60  percent  to  70  percent 
of  the  formation  materials  opposite  the  screen. 

(5)  The  bottom  of  the  screen  is  to  be  capped.  The  cap  shall  be  joined 
to  the  screen  by  threads. 

(6)  The  contractor  may  propose  open-hole  wells  in  bedrock  where 
cave-in  is  unlikely.  Prior  approval  for  such  wells  must  be  obtained 
in  writing  from  the  TPM, 

f.  The  annular  space 

(1)  The  annular  space  between  the  well  string  and  the  borehole  wall 
shall  be  filled  with  a  filter  pack,  a  bentonite  seal,  and  casing  grout 

(2)  Any  drilling  fluids  shall  be  thinned  with  potable  water  to  a  density 
less  than  1.2  g/cm’  (10  Ib/gal)  before  the  annular  space  is  filled. 
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(3)  As  the  annular  space  is  being  filled,  the  well  string  shall  be 

centered  and  suspended  such  that  it  does  not  rest  on  the  bottom  of 
the  hole.  For  wells  greater  than  SO  feet  deep,  at  least  two 
centralizers  shall  be  used,  one  at  the  bottom  and  one  at  the  top  of 
the  screen.  Additional  centralizers  shall  be  used  as  needed  to  keep 
the  well  string  centered. 

g.  The  filter  pack 

(1)  The  filter  pack  shall  consist  of  silica  sand  or  gravel  and  shall  extend 
from  the  bottom  of  the  hole  to  at  least  two  feet  above  the  top  of  the 
well  screen.  After  the  filter  pack  is  emplaced  the  well  shall  be 
surged  with  a  surge  block  for  ten  minutes.  Place  additional  filter 
pack  as  required  to  return  the  level  of  the  pack  to  two  feet  above 
the  screen.  Surge  the  well  for  five  minutes.  Place  additional  filter 
pack  as  required  to  bring  its  level  to  two  feet  above  the  saeen.  If 
gravel  is  used,  six  inches  of  course  sand  shall  be  placed  on  top  of 
the  gravel. 

(2)  The  filter  pack  material  shall  be  clean,  inert,  well-rounded  and 
contain  less  than  2  percent  flat  particles. 

(3)  The  sand  or  gravel  shall  be  certified  free  of  contaminants  by  the 
vendor  or  contracUH'.  If  decontamination  is  necessary  the  methods 
shall  be  approved  in  writing  by  the  TPM. 

(4)  The  filter  pack  shall  have  a  grain  size  distribution  compatible  with 
the  formation  materials  and  the  screen,  as  described  in  Chapter  12, 
Groundwater  and  Wells,  2nd  ed. 

(5)  The  filter  pack  shall  not  extend  across  more  than  one  water-bearing 
unit 

(6)  The  filter  pack  shall  be  emplaced  with  a  tremie  pipe.  The  tremie 
shall  be  lifted  from  the  bottom  of  the  hole  at  the  same  rate  the  filter 
pack  is  set 

(7)  The  contractor  may  use  formation  materials  as  a  filter  pack  when 
they  are  compatible  with  the  slot  size  of  the  screen.  Approval  of 
the  TPM  is  required  before  completion. 

h.  The  bentonite  seal 
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(1)  The  bentonite  seal  shall  consist  of  at  least  two  feet  of  bentonite 
between  the  filter  pack  and  the  casing  grout 

(2)  Only  100  percent  sodium  bentonite  shall  be  used. 

i.  Casing  grout 

(1)  The  casing  grout  shall  extend  from  the  top  of  the  bentonite  seal  to 
ground  surface. 

(2)  The  grout  shall  be  mixed  in  the  following  proportions:  94  pounds 
of  neat  Type  1  Portland  or  American  Petroleum  Institute  (API) 
Class  A  cement  not  mote  than  four  pounds  of  100  percent  sodium 
bentonite  powder,  and  not  more  than  8  gallons  of  potable  water. 

(3)  The  grout  shall  be  pump  tremied.  Pumping  shall  continue  until 
20  percent  of  the  grout  has  been  returned  to  the  surface. 

j.  Surface  completion 

(1)  The  base  civil  engineer  shall  determine  surface  completion  (flush  or 
projected  above  ground  surface)  requirements. 

(a)  If  well  stick-up  is  not  acceptable,  surface  completions  shall  be 
flush  with  the  land  surface.  Cut  the  casing  about  three  inches 
below  land  surface  and  provide  a  water  tight  casing  cap  to 
prevent  surface  water  from  entering  the  well.  A  freely  draining 
valve  box  with  a  locking  cover  sh^  be  placed  over  the  casing. 
The  top  of  the  casing  shall  be  at  least  one  foot  above  the 
bottom  of  the  box.  The  valve  box  lid  shall  be  centered  in  a 
three  foot  diameter,  four  inch  thick  concrete  pad  that  slopes 
away  from  the  box.  The  identity  of  the  well  shall  be 
permanently  mariced  on  the  valve  box  lid  and  the  casing  cap. 

(b)  If  an  above-ground-surface  completion  is  used,  extend  the  well 
casing  two  or  three  feet  above  land  surface.  Provide  a  casing 
cap  for  each  well.  Shield  the  extended  casing  with  a  steel 
sleeve  that  is  placed  over  the  casing  and  cap.  and  seated  in  a 
two-foot  by  two-foot  by  four-inch  (2’  x  2’  x  4")  concrete 
surface  pad.  The  diameter  of  the  sleeve  shall  be  at  least  six 
inches  greater  thtm  the  diameter  of  the  casing.  Slope  the  pad 
away  from  the  well  sleeve.  Install  a  lockable  cap  or  lid.  The 
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identity  of  the  well  shall  be  permanently  maiked  on  the  casing 
cap  and  the  protective  sleeve. 

Install  three,  3'inch  diameter  concrete-filled  steel  guard  posts  if 
the  base  civil  engineer  determines  the  well  is  in  an  area  where 
it  needs  such  protection.  The  guard  posts  shall  be  five  feet  in 
total  length  and  installed  radially  from  the  well  head.  Recess 
the  guard  posts  approximately  two  feet  into  the  ground  and  set 
in  concrete.  Do  not  install  the  guard  posts  in  the  concrete  pad 
placed  at  the  well  base.  The  protective  sleeve  and  guard  posts 
shall  be  painted  with  a  color  specified  by  the  base  civil 
engineer. 

(2)  All  wells  shall  be  secured  as  soon  as  possible  after  drilling. 

Provide  corrosion-resistant  locks  for  both  flush  and  above-ground- 
surface  completions.  The  locks  must  either  have  identical  keys  or 
be  keyed  for  opening  with  one  master  key.  Deliver  the  lock  keys 
to  the  base  point  of  contact  (POC)  following  completion  of  the  field 
effort 

k.  Piezometers 

(1)  Piezometers  shall  not  be  constructed  using  methods  or  materials  that 
may  contaminate  groundwater. 

(2)  Piezometers  that  penetrate  more  than  one  water-bearing  unit  shall 
be  constructed  in  a  manner  that  allows  fluid  from  only  one  unit  to 
enter  them. 

(3)  Piezometers  shall  be  straight  and  plumb  within  three  degrees  of 
vertical. 

l.  Well/Piezometer  Completion  Diagrams 

A  completion  diagram  shall  be  submitted  for  each  monitor  well  or 

piezometer  installed.  It  shall  include  the  following  information: 

•  Well  identification.  (This  shall  be  identical  to  the  boring 

identification  [section  2.1.2. 1.c(4)].) 

•  Drilling  method. 

•  Installation  date(s). 
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•  Elevations  of  ground  surface  and  the  measuring  point  notch. 

•  Total  boring  depth. 

•  Lengths  and  descriptions  of  the  screen  and  casing. 

•  Lengths  and  descriptions  of  the  filter  pack,  bentonite  seal,  casing 
grout,  and  any  back-filled  material. 

•  Elevation  of  water  surface  before  and  immediately  after 
development 

•  Summary  of  the  material  penetrated  by  the  boring  (see 
section  2.1. 1.4). 

2. 1.2.2  Moniuir  Well  Development 

a.  All  newly  installed  monitor  wells  shall  be  developed.  Development  shall 
begin  no  sooner  than  24  hours  after  installation  to  allow  for  grout  curing. 

b.  All  drilling  fluids  used  during  well  construction  shall  be  removed  during 
development 

c.  Wells  shall  be  developed  using  surge  blocks,  and  bailers  or  pumps.  Any 
other  techniques  must  be  approved  by  the  TPM.  Wells  shall  be  developed 
until  (1)  the  suspended  sediinent  content  of  the  water  is  less  than 

0.7S  ml/L  as  measured  in  an  Imhoff  cone  according  to  method  E160.5, 

(2)  the  turbidity  remains  within  a  ten  nephelometric  turbidity  unit  (NTU) 
range  for  at  least  30  minutes,  and  (3)  the  purging  criteria  in  section  2. 1.3.2 
are  met 

d.  No  sediment  shall  remain  in  the  bottom  of  the  well. 

e.  No  detergents,  soaps,  acids,  bleaches,  or  other  additives  shall  be  used  to 
develop  a  well. 

f.  All  (tevelopment  equipment  shall  be  decontaminated  according  to  the 
specifications  of  section  2. 1.1.3. 

2. 1.2.3  Groundwater  Level  Measurements 

a.  Water  level  measurements  shall  be  taken  in  all  wells  and  piezometers  to 
determine  the  elevation  of  the  water  table  or  piezometric  surface  at  least 
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once  within  a  single  24-hour  period.  These  measurements  shall  be  taken 
after  all  wells  and  piezometers  have  been  installed  and  developed  and  their 
water  levels  have  recovered  completely.  Any  conditions  that  may  affect 
water  levels  shall  be  recorded  in  the  field  log. 

b.  Water  level  measurements  shall  be  taken  with  electric  sounders,  air  lines, 
pressure  transducers,  or  water  level  recmders  (e.g..  Stevens  recorder). 
Devices  that  may  alter  sample  composition  shall  not  be  used. 

c.  For  flowing  wells,  pressure  gauges,  manometers,  or  equivalent  devices 
shall  be  used  to  measure  the  elevation  of  the  piezometric  surface. 

d.  All  measuring  equipment  shall  be  decontaminated  according  to  the 
specifications  of  section  2. 1.1.3. 

e.  Groundwater  levels  shall  be  measured  to  the  nearest  0.01  foot 

f.  Static  water  levels  shall  be  measured  each  time  a  well  is  sampled,  before 
any  fluids  are  withdrawn,  and  before  any  equipment  enters  tire  well.  If  the 
casing  cap  is  air-tight,  allow  time  prior  to  measurement  for  equilibration  of 
pressures  after  the  cap  is  removed. 

2. 1.2.4  Floating  Hydrocarbon  Measurements 

The  thickness  of  hydrocarbons  floating  in  monitor  wells  shall  be  measured  with 
an  electronic  interface  probe.  Hydrocarbon  detection  paste,  or  any  other  method  that 
may  affect  water  chemistry,  shall  not  be  used  without  the  approval  of  the  TPM. 

Wlren  detected,  the  presence  of  floating  hydrocarbons  shall  Ire  confirmed  by 
withdrawing  a  sample  with  a  clear  Teflon  bailer. 

2. 1.2.5  Groundwater  Discharge  Measurements 

a.  Groundwater  dischar^  measurements  shall  be  obtained  during  monitor 
well  purging  and  aquifer  testing.  Groundwater  discharges  may  be 
measured  with  orifice  meters,  containers  of  known  volume,  in-line  meters, 
flumes,  or  wiers.  Follow  the  guidelines  given  in  the  Water  Measurement 
Manual,  Bureau  of  Reclamation,  1967. 

b.  If  discharge  measuring  devices  are  upstream  of  sample  collection  points, 
the  devices  shall  be  decontaminated  according  to  the  specifications  in 
section  2.1. 1.3. 
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c.  Measurement  devices  shall  be  calibrated  using  containers  of  known 

volume. 

2. 1.2.6  Geophysics 

a.  General  requirements  for  all  geophysical  surveys: 

(1)  The  locations  of  boreholes  logged  with  geophysical  instruments 
shall  be  shown  on  a  site  map. 

(2)  Final  results  shall  be  presented  in  plan  views  and  cross  sections. 
Contours  shall  be  used  where  appropriate. 

(3)  The  interpretation  of  results  shall  discuss  positive  and  negative 
re.sults,  and  limitations  of  the  method  and  data. 

(4)  The  interpretation  of  the  data  shall  be  incorporated  into  the 
conceptu^  site  model. 

b  Borehole  Geophysical  Survey  Requirements 

(1)  All  downhole  equipment  shall  be  decontaminated  according  to  the 
specification  of  section  2. 1.1.3. 

(2)  Borehole  measurements  shall  be  recorded  both  going  into  the  hole 
and  coming  out  of  the  hole. 

(3)  Paper  copies  of  curves  generated  from  each  logging  run  shall  show 
all  the  curves  at  the  scale  of  1  inch  equals  20  feet  Each  paper  log 
shall  indicate  the  location  of  the  well,  date  of  log  acquisition,  type 
of  survey  instrument  and  a  list  of  other  instruments  used  in  that 
borehole.  Interpretations  shall  be  annotated  on  the  margins  of  paper 
log  records. 

(4)  All  logs  shall  be  referenced  to  a  measuring  point  notched  in  the 
surface  casing  or  to  ground  level  if  the  well  is  not  cased. 

(5)  Radioactive  sources  or  devices  shall  not  be  used  unless  they  are 
explicitly  called  for  in  the  SOW. 

(6)  Adverse  borehole  conditions  shall  be  reported  in  the  field  log. 


2-15 


c.  Surface  Geophysical  Survey  Requirements 

(1)  The  contractor  shall  correlate  surface  survey  data  (profiles  and 
soundings)  with  at  least  one  soil  boring,  wellbore  or  outcrop  at  the 
same  site  as  the  survey. 

(2)  The  location  and  elevation  of  at  least  two  points  of  the  geophysical 
survey  grid  shall  be  surveyed  according  to  the  specifications  of 
section  2.1.  LS. 

2. 1.2.7  Aquifer  Testing  for  Hydraulic  Properties 

a.  General 

(1)  Equipment  shall  be  decontaminated  and  water  levels  measured 
according  to  the  specifications  of  sections  2. 1.1. 3  and  2. 1.2.3, 
respectively. 

b.  Slug  Tests 

(1)  Slug  tests  ate  applicable  to  rocks  of  low  hydraulic  conductivity. 
Several  tests  are  necessary  to  characterize  an  aquifer  because  slug 
tests  only  measure  aquifer  properties  immediately  adjacent  to  the 
borehole. 

(2)  The  water  level  shall  be  static  before  the  test  begins.  That  is,  it 
must  not  be  recovering  or  receding  as  a  result  of  sampling, 
development,  pumpage  of  nearby  wells,  or  related  activities. 

(3)  The  test  shall  be  performed  using  a  slug  or  by  withdrawing  water 
from  the  well.  No  fluid  shall  be  put  in  the  well. 

c.  Pumping  tests 

(1)  The  contractor  shall  use  monitor  wells  as  observation  wells  as  much 
as  possible. 

(2)  The  pumping  rate  shall  be  determined  by  conducting  step  tests  prior 
to  the  pumping  test  The  well  shall  be  pumped  at  predetermined 
steps  in  order  to  determine  the  greatest  rate  that  can  be  sustained 
without  drawing  the  water  level  below  the  top  of  the  screen.  If  a 
lower  pumping  rate  is  preferable  because  of  factors  such  as  nearby 
supply  wells,  disposal  costs,  or  limited  storage  facilities,  the  lower 
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rate  shall  be  approved  by  the  TPM.  The  test  shall  not  begin  until 
water  levels  in  ail  wells  have  completely  recovered. 

(3)  The  contractor  shall  monitor  and  regulate  the  discharge  valve  for 
either  a  constant-discharge  or  constant-head  test 

(4)  The  discharge  rate  shall  be  measured  at  least  ten  times  during  the 
first  100  minutes  of  the  test  and  at  least  every  time  water  levels  are 
measured  thereafter.  Discharge  rates  shall  be  measured  in 
accordance  with  section  2. 1.2.5. 

(5)  Water  levels  shall  be  measured  at  least  ten  times  per  log  cycle  for 
the  first  100  minutes  of  the  test  and  at  least  once  every  two  hours 
thereafter. 

(6)  The  pumped  water  shall  be  disposed  so  as  not  to  recharge  the 
portion  of  the  aquifer  being  tested  or  otherwise  afiect  the  validity  of 
the  test. 

(7)  Tune-drawdown  or  distant^-drawdown  data  shall  be  analyzed 
during  the  test  The  test  shall  be  terminated  when  collection  of 
additional  data  will  not  affect  results,  e.g.,  when  water  levels  are 
essentially  at  equilibrium,  when  a  well  in  low  hydraulic 
conductivity  rocks  does  not  yield  sufficient  water  to  continue.  Test 
durations  may  range  from  two  hours  to  a  week  or  more.  A 
common  test  period  is  24  hours. 

(8)  The  drawdown  or  recovery  data  shall  be  adjusted  for  systematic 
influences  such  as  diurnal  fluctuations  for  unconfined  aquifers, 
barometric/tidal  effects  for  confined  aquifers,  interference  of  water 
supply  wells,  recharge  during  the  pumping  test,  irrigation,  partial 
penetration  of  the  pumping  well,  dewatering,  delayed  yield,  etc. 

d.  Other  Test  Methods 

(1)  The  aquifer  hydraulic  parameters  con  be  estimated  from  well 

specific  capacity  and  from  step-drawdown  test  For  low  hydraulic 
conductivity  rocks,  ASTM  D-4630  or  D-4631  are  applicable.  For 
clay,  ASTM  D-1587  and  D-2434  are  applicable. 
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2. 1.2.8  Hydrogeological  Conceptual  Model 

The  principal  project  hydrogeologist  shall  develop  a  conceptual  model  of  base 
and  site  geological  and  hydrological  conditions  form  pre-existing  regional  and  local 
studies  and  infrmnation  developed  during  the  project.  Maps  and  cross  sections  shall 
be  used  to  depict  the  concepoial  model  (see  section  2.3  of  the  work  plan  outline). 

The  model  will  be  the  basis  for  evaluating  monitor  well  and  piezometer  locations, 
contaminant  distributions  ^plume  delineation),  and  the  closeness  of  fit  to  natural 
conditions  of  analytical  or  computer-based  numerical  models. 

2. 1.2.9  Analytical  or  Numerical  Model  Representations  of  the  Hydrogeological 
Conceirtual  Model 

a.  Model  Selection 

(1)  The  principal  project  hydrogeologist  shall  be  responsible  for 

evaluating  the  fit  of  analytical  or  numerical  groundwater  flow  and 
contaminant  transport  models  to  natural  site  conditions,  and  the 
model’s  abUity  to  predict  the  spatial  and  temporal  distribution  of 
contaminants.  Stratigraphy,  geological  structure,  aquifer 
homogeneity  or  heterogei^ty,  hydraulic  isotropy  or  anisotropy, 
tranmissivi^,  storativity,  and  effective  porosity  shall  be  considered. 
Leakance,  dispeisivity,  and  attenuation  shall  considered  as 
iqiplicable. 

b.  Model  Application 

(1)  The  principal  project  hydrogeologist  shall  evaluate  the  reliability  of 
predictions  resulting  from  use  of  the  model.  Reliability  will  be 
based  on  sufficiency  and  representativeness  of  field  data,  model 
calibration,  degree  of  change  of  field  data  during  calibration,  and 
model  sensitivity  to  changes  in  selected  variables.  The  values 
assigned  to  nodes  of  numerical  models  and  the  amount  of  change  of 
field  values  shall  be  displayed  on  maps  or  cross  sections. 

2.1.2.10  Abandoning  Borings  and  Monitor  Wells 

a.  The  contractor  shall  abandon  borings  and  monitor  wells  when  directed  to 
do  so  by  the  SOW. 

b.  All  abandonment  shall  be  performed  in  accordance  with  state  and  local 
laws  and  regulations. 
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2.1.2.11  Test  Pits 

a.  The  location  of  each  test  pit  shall  be  approved  in  writing  by  the  base  civil 
engineer  before  digging  commences. 

b.  The  contractor  shall  follow  OSHA  rules  for  excavation.  The  excavated 
material  shall  be  screened  for  hazardous  properties  as  specified  in  section 
2. 1.1.2  or  as  specified  in  the  SOW. 

c.  Nonhazardous  excavated  material  shall  be  backfilled  immediately  after  the 
required  information  has  been  recorded.  No  test  pit  shall  be  left  open 
overnight  unless  adequate  safety  precautions  are  employed  and  approved 
in  writing  by  the  TPM. 

d.  In  vegetated  areas,  backfilled  test  pits  shall  be  reseeded  with  native 
grasses. 

e.  In  addition  to  the  information  listed  in  section  2.1. 1.1,  the  following 
information  shall  be  recorded  for  each  test  pit. 

(1)  The  total  depth,  length,  and  width. 

(2)  The  depth  and  thickness  of  distinct  soil  or  lithologic  units. 

(3)  A  lithologic  description  of  each  unit 

t4)  A  description  of  any  manmade  materials  encountered. 

2.1.3  Sampling 
2. 1.3.1  General 

The  following  requirements  apply  to  all  sampling  activities: 

a.  In  addition  to  the  requirements  of  this  Handbook,  the  contractor  shall 
collect  samples  in  accordance  with  the  applicable  documents  listed  in 
section  4.  In  cases  where  the  documents  disagree  with  this  Handbook,  the 
contractor  shall  comply  with  the  Handbook,  Unless  a  written  exception  is 
obtained  from  the  TPM,  any  samples  not  collected  as  required  by  this 
Handbook  shall  be  resampled  and  reanalyzed  at  no  expense  to  the 
government 
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b.  Holding  limes-The  contractor  shall  comply  with  the  requirements  in 
section  2.2.1  and  table  21. 

c.  Chain-of-custody 

(1)  The  contractor  shall  maintain  chain-of-custody  records  for  all  Held 
and  field  QC  samples. 

(2)  A  sample  is  defined  as  being  under  a  person’s  custody  if  any  of  the 
following  conditions  exist; 

•  It  is  in  their  possession. 

•  It  is  in  their  view,  after  being  in  their  possession. 

•  It  was  in  their  possession,  and  they  locked  it  up. 

•  It  is  in  a  designated  secure  area. 

(3)  All  sample  containm  shall  be  sealed  in  a  manner  that  wiU  prevent 
or  detect  tampering  if  it  occurs.  In  no  case  shall  tape  be  used 
seal  sample  containers.  Samptes  shall  not  be  packaged  with 
activated  carbon  unless  prior  approval  is  obtained  from  the  TPM. 

d.  Field  quality  control  samples-Five  types  of  field  QC  samples  shall  be 
collected  during  the  entire  investigative  effort.  The  number,  type,  and 
composition  of  these  samples  shall  comply  with  the  following 
requirements.  The  distribution  of  field  QC  samples  by  site,  sampling 
round,  etc.,  shall  be  specified  in  the  contractor’s  Work  Plan. 

(1)  One  uip  blank  shall  accompany  every  shipment  or  cooler, 

whichever  is  more  frequent,  of  soil  and  water  samples  sent  to  the 
laboratory  for  the  analysis  of  Volatile  Organic  Compounds  (VOCs). 
This  blank  shall  be  analyzed  for  VOCs  only. 

Definition:  A  trip  blank  is  a  VOC  sample  bottle  filled  in  the 
laboratory  with  Type  n  Reagent  Grade  Water,  transported  to  the 
site,  handled  like  a  sample,  and  returned  to  the  laboratory  for 
analysis.  Trip  blanks  shall  not  be  opened  in  the  field.  The  trip 
blank  for  soils  is  the  same  as  for  water  samples. 
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Tabic  2-1.  RequiremcBts  for  Coalaloen,  Prtservalioa  Techaiquec, 
Sample  Volumes,  aud  Holdlag  Tinaes 
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Mtreury  SW7470,  P.G.T  HN03topH<2/  500  ml  or  28  Dty*  <w»ler  »nd  soil) 

SW7471  Cool,  4*C  8  owices 


Table  2*1.  Requiremcats  for  Coatalaen,  Preservation  Techniques, 
Sample  Vi^mnes,  and  HoldiBg  Times  (Continued) 
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Pesticides  sod  PCB  SW8080,  G.  lefkm-liiied  Cool.  4*C.  pH  5-9  1  liter  Wiler-7  D«ys  uotU  Ektraclioi 

SW8I40  Cap.T  or  40  D«yt  «lter  Exawrtio 

8  ounces  SoU-14  Days  until  Exiractioa 

40  Days  after  Extractioo 


Table  2-1.  Requirements  for  Containers,  Pieservation  Techniques, 
Sample  Volumes,  and  Holding  Times  (Continued) 
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Table  2-1.  Requirements  for  Containers,  Preservation  Techniques, 
Sample  Volumes,  and  Holding  Times  (Concluded) 
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(2)  Ambient  conditions  blanks  shall  be  taken  during  each  VOC 
sampling  round.  An  ambient  conditions  blank  need  not  be  taken  at 
every  site.  Ambient  conditions  blanks  shall  be  collected  when 
samples  are  collected  downwind  of  possible  VOC  sources  such  as 
active  runways  or  engine  test  cells.  This  blank  shall  be  analyzed 
for  VOCs  only. 

Definition:  An  ambient  conditions  blank  is  Type  0  Reagent 
Grade  Water  that  is  poured  into  a  sample  container  at  a 
sampling  site.  It  shall  be  handled  like  a  sample  and  transported 
to  a  laboratory  for  analysis. 

(3)  One  equipment  blank  shall  be  taken  by  each  sampling  team  on  each 
day  of  sampling.  This  blank  shall  be  analyzed  for  all  laboratory 
analyses  requested  for  environmental  samples  collected  at  the  site. 

Definition:  An  equipment  blank  is  Type  II  Reagent  Grade 
Water  that  is  poured  into  or  pumped  through  the  sampling 
device,  transferred  to  a  sample  bottle,  and  transported  to  a 
laboratory  for  analysis. 

(4)  Ten  percent  of  all  water  samples  shall  be  field  duplicates.  Both 
duplicates  shall  be  analynd  for  the  same  parameters  in  the 
laboratory. 

Definition:  Field  duplicates  are  two  samples  collected 
independently  at  a  sampling  location  during  a  single  act  of 
sampling.  Held  duplicates  ^all  be  identified  so  that  laboratory 
personnel  are  unable  to  distinguish  them  from  normal  field 
samples. 

(5)  Ten  percent  of  all  soil  and  sediment  samples  shall  be  field 
replicates.  Both  replicates  shall  be  analyzed  for  the  same 
parameters  in  the  laboratory. 

Definition:  A  field  replicate  is  a  single  sample  divided  into  two 
equal  parts  for  analysis.  Replicates  are  often  called  "splits." 
Field  replicates  shall  be  identified  so  that  laboratory  personnel 
are  unable  to  distinguish  them  from  normal  field  samples. 

(6)  Type  n  Reagent  Grade  Water-The  contractor  shall  furnish 
analytical  data  or  a  manuf^turer's  certification  that  verifies  the 
quality  of  the  Type  n  Reagent  Grade  Water  and  shows  it  to  be  free 


2-25 


of  analytes  and  contaminants  that  may  interfere  with  the  required 
laboratory  analyses.  The  water’s  electrical  conductivity  shall  be 
less  than  1.0  micromho/cm  (25  deg  C).  HPLC  water  or  distilled 
water  from  sources  such  as  supermarkets  or  gas  stations  shall  not  be 
used  in  place  of  Type  II  Reagent  Grade  Water. 

Type  II  Reagent  Grade  Water  shall  be  purchased  and  stored  only  in 
glass,  stainless  steel,  or  Teflon  containers.  These  containers  shall 
have  Teflon  caps  or  cap  liners. 

2. 1.3.2  Monitor  Well  Purging  and  Sampling 

a.  Every  time  a  casing  c^  is  removed  to  measure  a  water  level  or  collect  a 
sample,  the  air  in  the  breathing  zone  shall  be  checked  with  an  organic 
v^r  meter  and  the  air  in  the  well  bore  shall  be  checked  with  an 
explosimeter.  Procedures  in  the  contractor’s  HSP  shall  be  followed  when 
hi^  concentrations  of  organic  vapors  or  explosive  gases  are  detected. 

b.  Purging  to  remove  the  water  standing  in  a  monitor  well  shall  be  conducted 
prior  to  sampling. 

c.  All  purging  and  sampling  equipment  shall  be  decontaminated  according  to 
the  specifications  of  section  2.1.1.3  and  protected  from  contamination  until 
ready  for  use. 

d.  Purge  pump  intakes  shall  be  equipped  with  a  check  valve  to  prevent 
purged  water  from  flowing  back  into  the  well. 

e.  Purging  and  sampling  shall  be  performed  in  a  manner  that  minimizes  the 
agitation  of  sediments  in  the  well  and  formation.  Equipment  shall  not  be 
allowed  to  free-fall  into  a  well. 

f.  Except  as  noted  below,  at  least  three  well  bore  volumes  shall  be  removed 
from  the  well  before  it  is  sampled.  The  well  bore  volume  is  defined  as 
the  volume  of  submerged  casing,  screen  and  filter  pack  (or  submerged 
casing  and  open  hole,  if  a  screen  is  not  used). 

g.  The  temperature,  pH,  electrical  conductivity  (EC),  and  turbidity  shall  be 
measured  and  recorded  after  removing  each  borehole  volume  during 
purging.  The  sample  may  be  collected  after  three  bore  volumes  have  been 
removed  and  the  temperature,  pH,  and  EC  have  stabilized.  Stabilization  is 
defined  as  follows:  temperature  ±1  deg  C,  pH  ±0.1  units,  EC  ±5  percent. 

If  these  parameters  do  not  stabilize,  the  sample  shall  be  taken  after  six 
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bore  volumes  have  been  removed.  Record  the  total  number  of  well  bore 
volumes  removed. 

h.  Samples  shall  be  collected  after  the  water  level  has  recovered  to 

80  percent  of  its  static  level,  or  16  hours  after  completion  of  purging, 
whichever  occurs  first 

i.  When  a  monitor  well  is  pumped  dry  before  three  well  bore  volumes  have 
been  removed,  the  sample  shall  be  collected  as  soon  as  a  sufficient  amount 
of  fluid  has  reentered  the  welt. 

j.  Samples  shall  be  collected  in  order  of  increasing  contamination.  Samples 
that  are  expected  to  be  least  contaminated  shall  be  collected  before 
samples  that  are  expected  to  be  more  contaminated. 

k.  Samples  shall  not  be  collected  within  24  hours  of  monitor  well 
development 

l.  Samples  to  be  analyzed  for  volatile  or  gaseous  constituents  shall  not  be 
withdrawn  with  pumps  that  exert  a  vacuum  on  the  sample 

(e.g.,  centrifugal,  peristaltic) 

m.  The  portions  of  bailer  lines  that  enter  the  water  shall  be  stainless  steel  or 
Teflon  coated. 

n.  The  pH  meters  shall  be  calibrated  immediately  before  a  well  is  purged  and 
immediately  before  the  final  value  is  measured.  At  least  two  buffer 
solutions  that  bracket  the  expected  sample  pH  shall  be  used  (e.g.,  4.0  and 
7.0). 

o.  EC  meters  shall  be  calibrated  daily.  At  least  two  solutions  that  bracket  the 
expected  range  of  sample  ECs  shall  be  used. 

p.  Thermometers  shall  be  calibrated  monthly.  The  expected  range  of  sample 
temperatures  shall  be  bracketed. 

q.  Turbidity  meters  shall  be  calibrated  at  least  daily  using  a  standard  within 
the  expected  range  of  sample  turbidities. 

r.  Duplicate  measurements  of  pH,  EC.  temperature,  and  turbidity  shall  be 
taken  at  a  frequency  of  one  in  ten  samples  and  used  to  estimate  the 
precision  of  the  field  analytical  measurements. 


2-27 


s.  Required  sample  containers,  preservation  methods,  and  holding  times  are 
given  in  section  2.2.1.  Also  see  table  2-1. 

t.  The  pH  of  preserved  samples  shall  be  checked  in  the  field  by  pouring  a 
small  amount  of  sample  onto  pH  paper.  The  paper  shall  not  touch  the 
sample  inside  the  container.  Do  not  check  the  pH  of  acidified  VOC 
samples. 

u.  Water  samples  requiring  filtering  in  the  SOW  shall  be  filtered  through  a 
0.45  pm  membrane  filter  immediately  (within  five  minutes)  after  sampling 
and  prior  to  preservation.  Do  not  use  vacuum  filtration  or  any  method 
that  may  aerate  the  samples.  Exposure  of  samples  to  atmospheric  oxygen 
shall  be  kept  to  a  minimum.  In-line  filtration  and  use  of  di^sable  filter 
assemblies  are  preferred.  Filters  with  larger  pores  may  be  used  as  pre- 
filters.  If  samples  are  filtered,  the  contractor  shall  filter  Type  n  Reagent 
Grade  Water  and  analyze  the  filtered  water  for  metals.  This  shall  be  done 
once  per  sampling  round  to  assure  that  filtration  does  not  bias  sample 
results. 

V.  Samples  to  be  analyzed  for  volatile  constituents  shall  be  taken  first  and 
immediately  sealed  in  a  container  so  that  no  head-space  exists.  These 
samples  shall  not  be  composited,  homogenized,  or  filtered. 

w.  In  addition  to  the  information  required  in  section  2. 1.1.1,  the  following 
information  shall  be  recorded  each  time  a  well  is  purged  and  sampled. 
This  information  shall  be  presented  in  the  ITIR  and  encoded  in  I^IMS 
files  when  required. 

(1)  Depth  to  water  before  and  after  purging. 

(2)  Well  bore  volume  calculation. 

(3)  Sounded  total  depth  of  the  monitor  well. 

(4)  The  condition  of  each  well,  including  visual  (mirror)  survey. 

(5)  The  thickness  of  any  floating  hydrocarbon  layer. 

(6)  Field  parameters  such  as  pH,  temperature,  and  specific  conductance. 
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2. 1.3.3  Soil  Borings  and  Soil  Sampling 

a.  Soil  boring  and  sampling  shall  be  supervised  by  a  geologist, 
hydrogeologist,  or  geotechnical  engineer.  Decisions  regarding  boring 
locations  and  depths  shall  be  made  collectively  by  the  boring  supervisor 
and  the  HSD/YAQ  TPM. 

b.  All  drilling  shall  conform  to  stam  and  locel  regulations.  The  contractor 
shall  obtain  all  permits,  applications,  and  other  documents  required  by 
state  and  local  authorities. 

c.  The  location  of  all  borings  shall  be  approved  in  writing  by  the  base  civil 
engineer  before  drilling  commences. 

d.  The  drill  rig  and  all  equipment  that  enters  the  hole  shall  be 
decontaminated  according  to  the  specifications  of  section  2. 1.1.3. 

e.  The  drill  rig  shall  not  leak  any  fluids  that  may  enter  the  hole  or 
contaminate  equipment  that  is  placed  in  the  hole.  The  use  of  rags  or 
diapers  to  absorb  leaking  fluids  is  unacceptable.  All  leaking  fluids  shall 
be  caught  in  a  proper  contait^r  until  the  leak  is  repaired. 

f.  No  fluids  shall  be  used  to  advance  soil  borings. 

g.  Lithologic  samples  shall  be  collected  every  five  feet  or  at  each  change  in 
lithology,  whichever  is  less,  or  as  specified  in  the  SOW.  Collect  soil 
samples  for  laboratory  analysis  based  on  odors,  discoloration,  and  organic 
vapor  meter  readings.  The  maximum  number  of  soil  samples  for 
laboratory  analysis,  and  required  analyses,  are  specified  in  the  SOW. 

h.  A  standard  penetration  test  shall  be  performed  each  time  a  split  spoon 
sample  is  taken.  The  test  shall  be  performed  in  accordance  with  ASTM 
D-1586. 

i.  Soils  to  be  analyzed  for  volatile  constituents  shall  be  taken  with  a 
California  (brass)  ring  or  equivatent  sampler.  These  samples  shall  not  be 
composite  or  homogenized.  The  ends  of  the  rings  shall  be  covered  with 
Teflon  or  oil-free  metal  foil.  The  rings  shall  then  be  sealed  with  end  caps. 
In  no  case  shall  the  end  caps  or  foil  be  secured  with  tape. 

j.  Excavated  soil  shall  be  screened  for  hazardous  properties  as  specified  in 
section  2. 1.1.2. 
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k.  Boreholes  shall  be  abandoned  as  specified  in  section  2. 1.2.7. 

l.  The  contractor  shall  dispose  of  all  trash  as  directed  by  the  base  civil 
engineer. 

m.  All  boreholes  shall  be  surveyed  according  to  the  specifications  of  section 
2.I.I.4. 

n.  The  information  specified  in  section  2.1.2. l.c(4)  shall  be  recorded  for  each 
soil  boring. 

2. 1.3.4  Surface  Water  and  Sediment  Sampling 

a.  Sampling  equipment  shall  be  decontaminated  as  specified  in  section 
2.I.I.3. 

b.  Coltect  samples  so  as  not  to  cause  cross-contamination;  obtain  any 
background  samples  first,  then  the  furthest  downstream  sample,  and  then 
move  upstream  toward  the  source  or  discharge  point  Obtain  the  water 
sample  at  each  location  before  the  sediment  sample.  Measure  and  record 
pH,  temperature,  and  specific  conductance  at  each  surface  water  sampling 
point  Permanently  mark  the  location  where  surface  water  or  sediment 
samples  are  collected  (e.g.,  flagged  stake  in  stream  bank).  Record  the 
location  on  a  project  map  for  each  site  or  zone,  whichever  applies. 

c.  Samples  shall  be  taken  from  the  active  stream  bed  on  the  stream  side 
nearest  the  source  of  contamination  or  suspected  plume. 

d.  Thermometers,  pH  meters,  and  electrical  conductivity  meters  shall  be 
calibrated  as  specified  in  section  2. 1.3.2. 

e.  The  following  records  shall  be  maintained  in  addition  to  those  speciBed  in 
section  2.1. 1.1: 

(1)  The  width,  depth,  and  flow  rate  of  streams. 

(2)  Surface  water  conditions,  e.g.,  floating  oil  or  debris,  gassing. 

(3)  The  location  of  any  discharge  pipes,  sewers,  or  tributaries. 

(4)  If  sediment  cores  are  taken,  the  percent  recovery  shall  be  recorded. 
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2. 1.3.5  Soil  Gas  Sampling  and  Analysis 

a.  The  analysis  of  soil  gas  samples  shall  conform  to  the  requirements  of 
sections  12.2.  2.2.3,  2.2.5,  2.2.6,  and  2.2.8.  The  soil  gas  analytical 
equipment  shall  be  calibrated  initially  by  using  ceitiHed  gas  standards  at 
selected  concentrations  to  form  multipoint  calibration  curves  for  all 
analytes.  At  a  minimum,  continuing  daily  calibration  shall  be  done  using 
a  single  point  gas  standard  to  verify  the  initial  calibration  curve.  In 
addition,  periodic  system  blank  analyses  shall  be  performed  to  assure  a 
contaminant  free  sampling  system. 

b.  In  addition  to  the  information  listed  in  section  2. 1.1.1,  the  following 
information  shall  be  recorded.  If  only  qualitative  data  are  required,  only 
items  1  and  6  are  needed. 

(1)  Soil  gas  sample  or  probe  depth. 

(2)  Apparent  moisture  content  (dry,  moist,  saturated)  of  the  sampled 
zone. 

(3)  Soil  gas  purge  rate,  sampling  system  leak  rate,  and  pump  vacuum. 

(4)  Description  of  sample  containers  (if  any). 

(5)  Location  of  sample  analysis. 

(6)  Location  and  grid  layout  of  sampling  stations. 

2. 1.3.6  Suction  Lysimeters 

a.  Lysimeters  shall  be  installed  in  four-inch  (nominal)  diameter  borings.  xVo 
fluids  (including  air)  shall  be  used  to  advance  the  borings. 

b.  The  excavated  soil  shall  be  saved  for  backfilling  and  not  allowed  to  dry. 

c.  Soil  excavated  from  the  bottom  six-inches  of  the  boring  shall  be  loosened 
and  pebbles  greater  than  1/4-inch  in  diameter  removed.  The  soil  shall  be 
placed  around  the  porous  cup  and  tamped  to  ensure  intimate  contact 
between  the  cup  and  soil. 

d.  Unless  prior  authorization  is  given  by  the  HSD/YAQ  TPM,  soil  slurries 
shall  not  be  placed  around  the  porous  cup.  If  a  slurry  is  necessary. 
Reagent  Grade  n  Water  shall  te  used.  The  volume  of  water  added  shall 
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be  recorded.  At  a  minimum,  the  volume  of  siuny  shall  be  drawn  and 
discarded  before  samples  are  taken  for  analysis.  In  ail  cases  where  a 
slurry  is  used,  the  first  volume  of  sample  that  enters  the  lysiraeter  shall  be 
discarded. 

e.  Excavated  soil  shall  be  backfilled  in  the  horizon  from  which  it  came  and 
tamped  to  a  density  approximating  its  undisturbed  condition.  The  soil 
shall  be  backfilled  in  lifts  not  greater  than  one  foot 

f.  A  three-inch  thick  bentonite  plug  ^all  be  placed  six  inches  below  land 
surface  to  prevent  fluids  from  rutuiing  down  the  boring. 

g.  The  porous  cups  shall  be  saturated  with  Reagent  Grade  n  Water  at  the 
time  of  installation  so  that  gas  will  not  enter  the  sampler.  The  cup  may  be 
satunued  by  placing  an  evacuated  lysimeter  in  a  container  of  water.  The 
saturated  cups  may  be  stored  for  several  hours  in  a  sealed  plastic  bag 
containing  a  saturated  towel  or  sponge. 

h.  All  lysimeters  and  associated  equipment  (e.g.,  pump  used  to  expel  sample) 
shall  be  decontaminated  according  to  the  specifications  in  section  2. 1.1.3. 

L  Samples  collected  ftom  suction  lysimeters  shall  be  preserved  and  haitdled 
the  same  as  groundwater  samples. 

j.  In  addition  to  the  information  required  in  section  2.1. 1.1,  the  following 
information  shall  be  recorded: 

(1)  The  depth  at  which  the  porous  cup  is  installed. 

(2)  The  final  pressure  at  the  time  the  lysimeter  is  evacuated  and  the 
pressure  at  the  time  the  lysimeter  is  sampled. 

(3)  The  time  between  lysimeter  evacuation  and  sampling. 


2.2  LABORATORY  ANALYSIS 

This  section  presents  requirements  that  shall  be  followed  during  all  IRP 
activities  for  fixed  base,  mobile  and  field  laboratories,  and  analysis  of  ail 
environmental  media.  Reported  analytical  results  that  do  not  meet  the  criteria  in  this 
section  and  those  specified  in  the  SAP  for  analyte  lists;  method  calibrations; 
detection  and  quantitation  limits;  control  limits  for  surrogates  or  spikes;  and 
duplicates  shall  be  resampled  and/or  reanalyzed  at  no  cost  to  the  Government 
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2.2.1  Sample  Preservation  and  Holding  Times 


a.  Project  samples  shall  be  preserved  and  analyzed  within  the  time  intervals 
specified  in  table  2-1.  Samples  not  preserved  and  analyzed  in  accordance 
with  these  requirements  shall  be  resampled  and  analyzed  within  the 
specified  holding  times  at  no  cost  to  the  Government. 

b.  Sample  preservation  and  temperature  shall  be  checked  immediately  upon 
receipt  of  samples  at  the  laboratory.  The  results  of  these  checks  shall  be 
recorded  on  the  chain-of-custody  form  submitted  with  the  sample. 

c.  For  samples  analyzed  by  gas  chromatography,  first-column  analysis  and 
second  column  confirmations  shall  be  completed  within  the  holding  times 
specified  above.  If  the  holding  time  is  exceeded  on  a  second-column 
confirmation,  the  contractor  shall  resample  and  reanalyze  the  sample  at  no 
cost  to  the  Government,  even  if  the  first-column  analysis  was  conducted 
within  the  holding  time. 

d.  Extraction  is  defined  as  completion  of  the  sample  preparation  process  as 
described  in  the  applicable  method,  including  any  necessary  extract 
cleanup  prior  to  volume  reduction  procedures. 

e.  Analysis  completion  is  deflned  as  completion  of  all  analytical  runs, 
including  dilutions,  second-column  confirmations,  and  any  required  re¬ 
analyses. 

2.2.2  Instrument  Calibration 

a.  Analytical  instruments  shall  be  periodically  calibrated  in  accordance  with 
the  methods  of  analysis  specified  in  the  SOW.  Records  of  standard 
preparation  and  instrument  calibration  shall  be  maintained. 

b.  Instrument  calibration  shall  be  checked  using  material  prepared 
independently  of  the  calibration  standards  at  the  frequency  specified  in  the 
method,  or  daily,  whichever  is  more  frequent  Control  limits  shall  be 
established  and  recorded  for  evaluating  the  instrument  response  to  the 
calibration  check. 

c.  Both  of  the  calibration  requirements  specified  in  subsections  "a"  and  "b" 
shall  meet  the  method  specified  or  SAP  approved  criteria  prior  to  analysis 
of  project  samples. 
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2.2.3  Detection  and  Quantitation  Limits 

a.  The  laboratory  shall  establish  detection  limits  for  each  analyte  listed  in  the 
SOW  using  procedures  outlined  in  one  of  the  following  references; 

•  The  applicable  EPA  SW-846  publication  protocol  or  standard 
method. 

•  40  Code  of  Federal  Regulations  (CFR)  136,  A.ppendix  B. 

•  "Principles  of  Environmental  Analysis"  (Analytical  Chemistry, 

Vol  55,  paper  2210-2218,  Dec  1983). 

•  The  most  recent  EPA  Contract  Laboratory  Program  (EPA-CLP) 
SOW. 

b.  The  detection  limits  established  by  the  laboratory  shall  not  exceed  those  in 
table  2-2.  The  laboratory  shall  maintain  records  of  the  determinations,  and 
of  the  comparison  with  the  limits  in  the  table. 

c.  A  practical  quantitation  limit  shall  be  experimentally  established  or 
derived  and  verified  for  each  analyte  to  be  analyzed  as  part  of  the  SOW. 
These  limits  shall  be  based  upon  the  results  of  spiking  at  the  estimated 
quantitation  limit  in  accordance  with  SW-846  protocols,  or  the  results  of 
matrix  spiking  of  past  HSD/YAQ  samples  or  samples  of  similar  matrix, 
these  limits  shall  not  exceed  those  in  table  2-2.  The  procedure  used  to 
determine  quantitation  limits  shall  be  fully  explained  in  section  1.8.2  of 
the  SAP. 

d.  All  analytes  detected  above  the  quantitation  limit  shall  be  reported  as 
quantitative  with  a  known  accuracy  and  precision.  All  analytes  detected  at 
a  COP’  cntration  less  than  the  quantitation  limit  shall  be  reported  and 
qualific-d  as  estimated. 

e.  The  analyte  lists,  detection,  and  quantitation  limits  established  by  dte 
laboratory  shall  be  submitted  to  HSD/YAQ  in  the  SAP  for  approval  prior 
to  the  analysis  of  any  project  samples.  Documentation  supporting  the 
establishment  of  detection  and  quantitation  limits,  such  as  chromatograms, 
calculations,  etc.,  shall  be  made  available  to  the  TPM  upon  request. 

f.  All  requests  for  variations  from  the  requirements  of  this  section  (2.2)  shall 
be  submitted  in  writing  to  HSD/YAQ  prior  to  analysis  of  any  project 
samples. 
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TabI*  2>2.  Maslauoa  AitowabW  QvaalitaltiMi  LloUla 


Metbod  Maximum  QuaaiiiaucNs  Limits 


Panuaetar 

W-Waler  S-Soii 

Analyte 

Water 

Soil/Sedimeoi  (ms/ki)  (0 

AUcaliflity 

A403(W) 

CarboosM 

lO 

m|/L 

Bicsiboiiaie 

10 

m((L 

. 

HyAoxxle 

10 

mg/L 

- 

GfOM  Alpha  A  Qtom  Bata 

SW9310 

4 

pCWUa) 

(b) 

Radio^vity  (Total 
Suspendad  and  Diasotvad) 

Radium 

SW9315 

1 

pCUU») 

(b) 

Rasidua,  Filterable 

E160.1(W) 

Total  Dissolved  Solids 

10 

mg/L 

Residue,  Nonfillerable 

EKSOJWW) 

Total  Suspended  Solids 

5 

mg/L 

- 

Commoo  Axuoof 

E300(W) 

Chloride 

0.2 

mg/L 

, 

Fltawide 

0.2 

mg/L 

- 

Sulfate 

oa 

mg/L 

- 

Nitnia 

0.1 

mg/L 

■ 

Otdio-Phoipbste 

0.1 

mg/L 

- 

Nitroieii,  Kiinte-tmirita 

E353a{W) 

Nittma  1  minte 

0.05 

mg/L 

- 

Patraieim  Hydroouboos 

B418.1(W) 

SW355(VE418.1<S) 

1 

mg/L 

30 

SW801S  (Modified) 

Casoiiae 

1.0 

mg/L 

10 

DieaeL  jet  fuel 

1.0 

mg/L 

10 

I,2-Dibn)moelhaae  (EDB) 

SW8011 

0.05 

jig/L 

(b) 

Atsaoic  (d) 

SW706(KW*S) 

0.005 

mg/L 

03 

Laad(d) 

SW300S/SW742l(W  A  S) 

0.005 

mg/L 

03 

Mercury 

SW7470(W) 

SW747U3) 

0.001 

mg/L 

0.1 

Seleotuffl  (d) 

SW774(XW  A  S) 

O.OOS 

mg/L 

03 

ICP  Screeo  for  Metals 

SW3005/SW60l<XW) 

Aluminum  A1 

0.5 

mg/L 

50 

SW3030/SW6010(S) 

Aatimony  Sb 

OJ 

mg/L 

15 

Arsenic  As 

03 

mg/L 

30 

Barium  Ba 

0.1 

mg/L 

10 

Beryllium  Ba 

0.01 

mg/L 

1 

Cadmium  Cd 

0.005 

mg/L 

03 

CakiiB  Ca 

1 

mg/L 

100 

Chtcnuum  Cr 

0.05 

mg^ 

5 

Cobab  Co 

0.05 

mg/L 

5 

Copper  Cu 

0.05 

mg/L 

5 

Iron  Fe 

0.05 

mg/L 

5 

Lead  Pb 

0.2 

mg/L 

5 
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TabI*  2-2.  Maitaw  Altmrabl*  QnaaHHUoa  Uoiltt  (CiwtiaiMdt 


PanmMer 


Purgaable  Haiocaiboiii 


NofriiaiottsaMd  VolMila 
Ortma 


Method  Maxiotuiii  QuaatilMioa  Limht 

W-WtarS-Sotl  Analyte  Wuar  Soil/Sadiawat<iin/ki)(0 


Mutwiiini  M| 

1 

mf/L 

100 

MtagwiMe  Mn 

0.02 

mf/L 

2 

Motybdemm  Mo 

0.10 

mt/L 

10 

Nidul  Ni 

0.15 

mg/L 

15 

Potauim  K 

5 

mgn. 

100 

Salmiuffl  S« 

1 

50 

SUv«  A| 

0.05 

ib|(L 

5 

Sodbun  Nt 

1 

mg(L 

100 

ThalUum  Tl 

0.4 

aig/L 

7 

Vanadiiai  V 

0.10 

mgA. 

10 

Zinc  Zb 

0.02 

m$n. 

2 

swy)3<vsw«)io 

Btomobtnam 

5 

|i|/L 

0.05 

(WAS) 

1.0 

|t|/L 

0.05 

BrotnofoiiB 

2.0 

)ig/L 

0.05 

BnxnoaiMbaoe 

10 

li$/L 

0.010 

Carbon  ftticbionde 

1.0 

Ht/L 

0005 

Chkaobesnae 

23 

|if/L 

0.005 

ChkxoetbnoB 

5 

|t|/L 

0.005 

ChlotofooB 

03 

M/L 

0.005 

l-CbtorobaxaBt 

5 

m/l 

0.005 

2-Chloro«fayl  vinyt  athor 

10 

mA. 

0.010 

1.0 

HtA. 

0.005 

OibtocBocbiatonMibaiM 

1.0 

m/l 

0.005 

DMncnioatfaiiw 

5 

Ht/L 

0.005 

1.2-DicfatoiBbanwBa 

2.0 

Ht/L 

0.005 

IJ-DiehtatobanMna 

3.0 

na/L 

0.005 

1,4-DiBbhMabMaMw 

ZO 

»t«/L 

0X105 

1.1-DkUorMlbMia 

1.0 

HfA- 

0.005 

1.2-DicfaJoroBibaiM 

1.0 

Hi/L 

0.005 

t ,  1 -Dicbloroeitaciw 

1.0 

Ri/L 

0.005 

traaa- 1 .2- DicfahjioeltMiw 

1.0 

IH/L 

0.005 

Cia- 1 3-OtGbJaropropme 

5 

lig/L 

0005 

U-Dicbioiopfapane 

1.0 

0.005 

tnai- 1 3 -D<Gbk)fO|xopene 

3 

|ig/L 

0.005 

Malbytaae  cbMda 

2 

Ht/L 

0.005 

1 . 1 . 1 .2-Tencbioio«baBe 

5 

Hi/L 

0.005 

l.i.ZZ-Taancbloroaihao* 

l.O 

|ig/L 

0.005 

TetiactlorocibeDe 

1.0 

Hg/L 

0.005 

1 . 1 . 1 -TricbkitoctbHM 

1.0 

4g/L 

0.005 

t,  1.2-Tncbloroatbane 

l.O 

|ig/L 

0.005 

TricbJcioeifaeiw 

1.0 

Hg/L 

0.005 

Tricbloroflooroatatbino 

1.0 

^g/L 

0.005 

Tficblocopropana 

10 

H$/L 

0.010 

Vtoyi  Cblorida 

10 

|ig/L 

0.005 

SW503(VSWK)15 

Diethyl  atbar 

50 

Hi/L 

(b) 

(W) 

Eihanoi 

30 

ItgA. 

Methyl  ethyl  keioao  (MEK) 

50 

|tf/L 

Methyl  iiobwyl  ketone  (MIBK) 

50 

li$/L 
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Tabl«  2>X  Madmuai  AUowabto  QiuwUUtlM  Ualti  (CMtlaiMd) 


PtnuBMer 


Matbod 

W-WattrS-SoU _ Amiyia 


Mnimtim  Qiwautauoa  Luttiu 
Wmr  Soil/Sa<lui»iit(ait/lLg}(f) 


PuryMMa  Aroouuic 
VolatUaa 


PtMODla 


OriaaochioriDa  Paaticiilai 
ftPCBa 


SW303(VSW8020 

BaBWM 

l.O 

ti|/L 

0.01 

(WAS) 

Chloiobcfuaaa 

2 

iki/L 

0.02 

1 .2-Dicfalotobaiaeaa 

4 

UfA. 

0.0« 

t4-Dicfatoobeuiaae 

4 

0.04 

1,4-OichkNDbaiBaiia 

0.5 

ViMfL 

0.01 

Ethytbanzaoa 

4 

MA- 

0.04 

Totnaoa 

2 

Itg/L 

0.02 

Xyiaoaa 

2 

M- 

0.02 

SV8C40 

4-CIiiofo-3>i&elhylpiiapol 

4 

fif/L 

OJ 

2-CUoiD()iMOol 

3 

m/L 

02 

2.4-OicUotopliaool 

4 

lif/L 

OJ 

2.4-Dimatf>ylpbaaol 

3 

0.2 

14-DiBiiiDpiiaoo( 

130 

10 

2-Madl)rl-4,6^fiaittoptaool 

160 

M. 

10 

2-Niiiopbaool 

5 

|i|A. 

04 

4-N)tto()taaaol 

30 

ikf/L 

2 

PalacbtnfophaDol 

30 

M/L 

2 

Pbaaoi 

2 

ji«/L 

OJ 

2,4,6>TiiGblan>|)baaol 

7 

)i«/L 

5 

SW331(ySW»080(W) 

Aldna 

ao4 

MA- 

0.0015 

SW333(VSW8(M0(S) 

a4)i»>BHC 

oxa 

iif/L 

0.0015 

bala^HC 

0.05 

iif/L 

0.0015 

date-BHC 

0X15 

)t|A. 

0.0015 

{•■■la-OHC  (Lindana) 

0.04 

ma. 

OjOOIS 

Otlordasa 

0.08 

ma. 

0.0015 

4.4'-DDD 

0.1 

li|/L 

0.003 

4.4‘.DE« 

0.04 

yi/l 

0.003 

4,4’ -DDT 

O.IO 

Hf/L 

0.003 

DiaUiu 

0.05 

ik$/L 

0.003 

Eadotulfaal 

0.05 

fkg/L 

0.0015 

EodoMltaill 

0.1 

Hf/L 

0.003 

Eadowifaa  nifata 

O.l 

nt^ 

0.003 

Eadtia 

0X)6 

ligA. 

0.003 

Eodbaaidabyde 

0.1 

ma. 

0.003 

Haptacblor 

0.03 

lifA. 

0.002 

HapcadUorcpoxida 

0.05 

UfA. 

0.002 

Madnuycblar 

a5 

Hi/L 

0.015 

Touybm 

2J 

Ht/L 

0.16 

PCB-1016 

1.0 

Ht/L 

0.03 

PCB-1221 

1.0 

mA. 

0.03 

PCB-1232 

1.0 

ma. 

0.03 

PCB-1242 

1.0 

m/L 

0.03 

PCB-124S 

1.0 

|i|(L 

0.03 

PCB-1254 

1 

tkg/L 

0.03 

PCB-1260 

1 

UiA. 

0.03 
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TaU«  2*2.  MutoHOi  ABowabie  QuuiUutloB  Umlti  {ConUnucd) 


Parameter 


Organophospboius 

Pesticides 


Cblorinaied  Pbcaoxy 
Acid  Heibkides 


Semivoiatile  Organic 
Compounds 


Method  Maximum  QiMntitatioo  Limits 

W.WaterS-SoU  Analyte  Water  SoiI/SedimetH(tng/kg)(f) 


SW3510/SW8140(W) 

SW3550/SW8140(S) 


SW*150(W  A  S) 


SW351CVSW8270(W) 

SW355(VSW8270(S) 


Azinpbos  methyl 

15 

1.0 

BoUw 

1.3 

0.1 

Cbotpyrlfot 

3.0 

pg/L 

0.2 

Coumapbot 

15 

m/l 

1.0 

Demeton-O 

25 

pg/L 

0.2 

Oemetoo-S 

2.5 

lig/L 

0.2 

DiaziiKio 

6.0 

pgfl- 

0.4 

Dichlorvos 

10.0 

Pg/L 

0.7 

Diaulfoton 

2.0 

pgfl- 

0.1 

Btfaoprop 

25 

4g/I- 

02 

Fennlfothion 

15 

pgfl- 

1.0 

Fentfaioa 

1.0 

pg/L 

0.1 

Menifaot 

2.5 

pg/L 

0.2 

Metrinpbos 

3.0 

Pg/L 

0.2 

Naiad 

1.0 

pg/L 

0.1 

Paratfaioo  methyl 

0.3 

Mg/L 

0.02 

Phoiate 

1.5 

pg/L 

0.10 

Ronnd 

3.0 

pg/L 

0.2 

Stirophot 

50 

pg/L 

3.4 

Tokitfhioo 

5.0 

pg/L 

0.4 

Trichloroaate 

13 

pg/L 

0.1 

2.4-D 

12 

pg/L 

0.8 

2.4-DB 

9 

pg/L 

0.6 

2,4,3-T 

2 

pg/L 

0.1 

2,4.5-TP 

1.7 

pg/L 

0.1 

Dalapon 

60 

pg/L 

4.0 

Dicamba 

2.7 

pg/L 

0.2 

Dichloropiop 

6.5 

pgfl. 

03 

Dinoseb 

0.7 

pg/L 

0.05 

MCPA 

2500 

pg/L 

170 

MCPP 

1900 

Pg/L 

130 

Baaa^NaMral  EztracUblaa 

Aceoapthene 

10 

pg/L 

03 

AccDapblfayleDe 

10 

pg/L 

0.3 

Antfaraceoe 

10 

pg/L 

0.3 

Benzo  (a)  anthracaoe 

10 

Pg/L 

0.3 

Banzo  (b)  fluoranthene 

10 

pg/L 

03 

Beazo  (k)  fluoraotbene 

10 

pg/L 

0.3 

Benzo  (g,b,i)  petylene 

10 

pg/L 

0.3 

Benzo  (a)  pyrene 

10 

pg/L 

03 

Benzyl  akobol 

10 

pg/L 

0.3 

bis  (2-Chioroetboxy)  metbane 

10 

pg/L 

0.3 

bis  (2-Chloroaibyl)  ether 

10 

pg/L 

0.3 

bis  (2‘Oik>n>isopiopyl)  ether 

10 

pg/L 

0.3 

bis  (2-«lhylhexyi)  phihalate 

10 

pg/L 

0.3 

4>Bromopbenyl  pbenyl  ether 

10 

pg/L 

0.3 

Butyl  benzyl  pbthalaie 

10 

Pg/L 

0.3 

4'ChloroaniIine 

10 

pg/L 

0.3 

2-Cblorooapbtbaleae 

10 

pg/L 

0.3 
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Table  2*2.  Maximum  Allowable  QuairtllatkMi  LteMa  (Coutlaued) 


Panmeter 


Method  Maximum  Quaotitatioa  Limiu 

W-Water  S-Soil  Analyte _ Water  Soil/Sedimem  (mg/kg)  (f) 


4-ChloiDpbenyl  pbcayl  ether 
Chryteoe 

Dibeoz  (a.b)  aotfanceae 
DibeazoAirao 
Di-o-Butyipbtbalale 
1 ,2-DKhk>robenzei)e 
1  .B-Dicfalorobenzeoe 

1 .4- Diciiloiobemseoe 

3 .3'  -Dichlorobeandine 
Diethyl  pbthaUte 
Oimethiy  phthalale 

2.4- Diiuirototueae 

2.6- DiiutiotolueQe 
Di-o-octyl  phthalale 
FluoraotheM 
Fluoteaa 

Haxachiorobesxeae 

Hexachlorohuladieiie 

HcxachlorTxydopeaiadiene 

Hexacfaloraetfaane 

ladeoo  (1,2,3,-cd)  pyicae 

Isopboroae 

2- Methylo^ibihaleoe 
Naphthalene 
2>Nitioaiuljae 

3- NitioaaUioe 

4- NiliDaoiJiiie 
Nitrobeozeoe 
a-Nitroaodipheaylamioe 
Q-NitroeodipropylamiDe 
Pbeoantfareoe 

Pyrene 

1  .Z4-TrichlorobeazeDe 

Add  Extractabice 
Benzoic  acid 

4-Chioio>3  -metby  iphenoi 

2- CbloR>phei>ol 

2.4- DichlotopbenoI 

2.4- DiBielhylpheool 

4.6- Duiitxo-2>metbyipbeQoI 

2.4- Dinitiopheool 

3- Med>ylpbenoJ 

4- Methylpbcnol 
2-Nitinphenol 
4-Nitiopbenol 
Pentachloropbenol 
Phenol 

2.4.5- Tnch  ioropbeool 

2.4.6- Ttichloropbenol 


10 

hs/l 

0.3 

10 

0.3 

10 

Ilg/L 

03 

10 

0.3 

10 

hsa. 

0.3 

10 

|tg/L 

0.3 

10 

0.3 

10 

03 

20 

Mt/l 

0.6 

10 

Hg/L 

03 

10 

Itg/L 

03 

10 

jigA- 

0.3 

10 

0.3 

10 

Hgrt- 

0.3 

10 

Hg/L 

03 

10 

»tg/L 

03 

10 

Jtgrt. 

0.3 

10 

p«/L 

03 

10 

li»/L 

03 

10 

W/L 

03 

10 

|i*/L 

03 

10 

liflL 

0.3 

10 

03 

10 

Itg/L 

03 

50 

m/l 

1.6 

50 

ti*/L 

1.6 

50 

m/l 

1.6 

10 

ItgA- 

03 

10 

UtO, 

0.3 

10 

m/l 

0.3 

10 

Itg/L 

0.3 

10 

0.3 

10 

Itg/L 

0.3 

50 

)iS/L 

1.6 

10 

4»/L 

0.3 

10 

0.3 

10 

Hg/L 

0.3 

10 

W/L 

0.3 

50 

li»/L 

1.6 

50 

ligA, 

1.6 

10 

»‘«/L 

03 

10 

Hg/L 

0.5 

10 

UgA. 

0.3 

50 

m/L 

1.6 

30 

Hg/L 

1.0 

10 

Itg/L 

0.3 

50 

ligflL 

1.6 

10 

m/L 

0.3 
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Tabk  2>2.  Mastauai  AUowabk  Quantitation  Llmlti  (Contlnuad) 


Matbod  Maximum  QuanbtatioQ  Limits 


Panmeter 

W-WaterS-Soil 

Analyte 

Water 

Soil/Sediment  (mg/kg)  (0 

Volatile  Organic 

SW8240QV&S) 

Acetone 

10 

lig/L 

0.010 

Compounds  (VOCs) 

SW8260(“) 

Benxeoe 

5 

ligA- 

aoos 

Sromodicblosomeibane 

5 

ligA, 

0,005 

Biamoform 

5 

lig/L 

0.005 

Bromomathane 

10 

Hg/L 

0.010 

2-BuUiiooe(MEK) 

10 

li|/L 

0.010 

Carbon  dtsulTide 

5 

Itg/L 

0.005 

Carbon  tsiracliloride 

5 

Mg/L 

0.0QS 

Cbtorobanxene 

5 

li|/L 

0.005 

DURomodtlatomettaaoe 

5 

li|/L 

0.005 

Chkroetbane 

10 

)ig/L 

0.010 

2-ClitoiDetbyl  vinyl  ether 

10 

Pf/L 

0.010 

Chloroform 

5 

pg4- 

0.005 

Chlorometbsnc 

10 

0.010 

i ,  1 -Dichloroethane 

5 

Pg/L 

0.005 

1 .2-Dicliloioethaoo 

5 

Pg/L 

0.005 

l.l-IHdilotoetheae 

5 

P»4. 

0.005 

tnaS'L2'Diciikfoetbene 

5 

P«4- 

0.005 

1  ^-[HcUoiopiopane 

5 

Pg/L 

0.005 

cis-1.3-Dichtoroprot)ene 

5 

pg/L 

0.005 

tnns-14-Dicfalato|xopene 

5 

pg/L 

O.OQS 

Ethylbenzene 

5 

Pg4- 

0.005 

2-Iitxaiiaoe 

10 

pg/L 

0.010 

Methyleoe  ebtoride 

5 

pg/L 

0.005 

4-Malhyl-2-peolaooae  (MIBK) 

10 

pg/L 

0.010 

Styrene 

5 

pgA- 

0.005 

1.14L2-Tetraehlon>ethaoc 

5 

Pg/L 

0«» 

Tetrachloroeibeoe 

5 

pg/L 

0.005 

Toluene 

5 

pg/L 

0.005 

1 . 1 , 1-Tricbloroetbane 

5 

pg/L 

0.005 

1 . 1 ,2-TTicfaloroetfaaiK 

5 

Pg/L 

0.005 

Tricfaloroetbene 

5 

Pg4- 

0.005 

Vinyl  acetate 

10 

pg/L 

0.010 

Vin)dcblonde 

10 

Pg4- 

0.010 

Xyleoes  (total  ail  isomers  i 

5 

Pg/L 

0.005 

Dioxins 

SW8280(W*S) 

10  ng/L  (e) 

0.01  ttg/kg  (e) 

Polynuclear  Aromatic 

Hydrocarbons 

SW8310 

Napbdialene 

18 

pg/L 

1.0 

Acenaphthylene 

23 

Pg/L 

1.5 

Acanapbthm 

18 

pg/L 

1.0 

Fluorane 

2 

Pg4. 

0.1 

Phaaenthrene 

6 

pg/L 

0.4 

Antencene 

7 

Pg/L 

0.5 

Ruoranthrene 

2 

pg/L 

0.1 

Pyrene 

3 

pgA. 

0.2 

BrnsKalaothraaene 

1 

pg/L 

0.01 

Chrysene 

1.5 

pg/L 

0.10 

Beazo<b)nuoraoibnoe 

1 

pg/L 

0.01 

BenecKkinuoraotbeoc 

1 

pg/L 

0.01 

2-40 


Tabk  2>2.  Maximiuii  Allowable  Quantitattoo  Umlto  (Coatiaiwd) 


Parameter 


Pbeooli  (total) 

Cyanide  (total) 

Toxicity  Characteristic 
Leaching  Procedure 


Method  Maximum  QuantitaiioD  Limits 


W-WaterS-Soil 

Analyte 

Water 

Soil/Sediment  (mg/kg)  (f) 

Beazo<a>pyreiie 

1 

0.01 

Dit>cozo(aJi)aothracene 

1 

ligfl- 

0.01 

Benzol  ;.iu)peryleiie 

1 

Rg/L 

0.01 

Ifideixx  l^-cd)pyiene 

1 

Rg/L 

0.01 

SW9065  (W) 

0.02 

mg/L 

- 

SW901(Kc) 

0.02 

mg/L 

1.0 

SW1311 

Arsenic 

5.0 

mg/L 

Barium 

lOO.O 

mg/L 

Cadmium 

1.0 

mg/L 

Chromium 

5.0 

mg/L 

Lead 

5.0 

mg/L 

Mercury 

0.2 

mg/L 

Selenium 

1.0 

mg/L 

Silver 

5.0 

mg/L 

Endrin 

0.02 

mg/L 

Lindane 

0.4 

mg/L 

Metboxychior 

10.0 

mg/L 

Toxaphm 

OJ 

mg/L 

2,4-D 

10.0 

mg/L 

2.4^-T?(Silvex) 

1.0 

mg/l 

Benaoe 

0.5 

mg/L 

Carbon  tetrachloride 

0.5 

mg/L 

Chloradane 

0.03 

mg/L 

Chlorobenzene 

lOO.O 

mg/L 

Chlorofonn 

6.0 

mg/L 

o-Ciesol 

200.0 

mg/L 

m-Cresot 

200.0 

mg/L 

- 

p-Cresoi 

200.0 

mg/L 

Cresoi  (total) 

200.0 

mg/L 

L4-DicbloTobenzene 

7.5 

mg/L 

1.2-Oichloiethaae 

0.5 

mg/L 

1 . 1-Oichioroethy  leoe 

0.7 

mg/L 

2.4-Dinitrotolucoe 

0.1 

mg/L 

Heplachlor(aod  its 
epoxide) 

0.008 

mg/L 

Hexaddorobeozeoe 

0.1 

mg/L 

Hexach  loro- 1 .3 -butadiene 

0.5 

mg/L 

Hexachloroelhane 

3.0 

mg/L 

Methyl  ethyl  ketone 

200.0 

mg/L 

Nitrobenzene 

2.0 

mg/L 

Peotachlorophenol 

100.0 

mg/L 

Pyridine 

5.0 

mg/L 

- 

Tetrachloroethylene 

0.7 

mg/L 

- 

TrichloioelhyleDe 

0.5 

mg/L 

- 

2.3,5-TrichJorophenol 

400.0 

mg/L 

- 

2.4,6-TnchloropbeDol 

2.0 

mg/L 

- 

Vinyl  Chloride 

0.2 

mg/L 

- 
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Tabia  2-2.  MntiinB  AJlmrabte  QuuiMathNi  Limits  (Coacludsd) 


Panuneter 


Method 

W-WeterS-Soii _ Aoslyte 


Maximum  Quantitation  Limits 
Water _ Soil/Sediment  (mgAti^)  (f) 


Air  Analytes 

Volatile  Organic 

Compounds,  non-polar 

TO-I,TO-2 

Organoebiorine  Pesticidei 
andPCBS 

TO-4 

Phenols 

Tap 

Dioxins 

Tap 

Poi3niuclear  Armnatic 
Hydrocarbons 

Tai3 

Volatile  Organics 
in  connisters 

Tai4 

(8) 

(b) 

(8) 

(b) 

<8) 

(b) 

(8) 

(b) 

(8) 

(b) 

(8) 

(b) 

a.  Report  must  include  caliMation  standards  and  praciswn  data. 

b.  Establish  limits  of  detection  and  quantiution  at  time  of  analysis  or  specify  in  the  SAP. 

c.  Leach  cyanides  horn  toil  samples  nting  method  SW9010(A). 

d.  For  furnace  analytes  modify  the  SW300S  digestion  procedure  by  substituliag  4  milliliters  concentrated  nitric  acid  for  the  5  milliliters 
concentrated  bydrochionc  acid  specified  by  the  tnetM  (a  total  of  7  millilitert  nitric  acid  will  be  added). 

e.  Detection  limit  per  congener  as  in  method  SW8280. 

f.  Detection  limits  given  are  for  the  low-level  method.  Mid  and  bigb-ievel  methods  would  have  a  conetponding  adiuttment  in  limits 
that  will  be  specified  in  the  SAP.  These  specified  levds  shall  be  verified  by  matrix  spiking  per  paragraph  2.7.5. 

g.  Listed  in  the  ’Compendium  of  Methods  for  the  Determination  of  Toxic  Orgmic  Compounds  in  Ambient  Air,’  June  1988. 
EPA/«)(V4-89/017. 

b.  This  method  may  be  substituted  for  method  SW8240  on  a  project-specific  basis  when  lower  reporting  limits  are  required.  This 

method  should  be  specified  in  the  SAP  with  detection  and  quantitatbo  limits  similar  to  those  for  methods  SW801(VSW8020. 
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2.2.4  Analyte  Identification 

a.  For  gas  chromatography  methods,  analyte  retention  limes  and  retention 
time  windows  shall  be  established  using  the  procedure  in  the  appropriate 
method  and  used  to  ensure  accurate  idenufication  of  peaks. 

b.  For  gas  chromatography  methods,  confirmation  of  analytes  present  in 
concentrations  greater  ^an  detection  limits  is  required  as  specified  in  the 
SOW.  Quantitative  confirmation  may  be  made  by  either  second-column 
gas  chromatography  or  by  gas  chromatography/mass  spectroscopy 
(GCTMS),  and  the  data  from  both  the  initial  analysis  and  the  confirmation 
shall  be  reported.  The  primary  result  is  the  more  accurate  concentration 
reported  for  the  analyte  after  the  Hrst-  and  second-column  results  have 
been  evaluated  by  the  laboratory.  It  is  normally  selected  by  evaluating 
chromatographic  peaks,  calibration  events,  and  quality  control.  The 
primary  result  shall  not  be  obtained  by  averaging  the  first-  and 
second-column  results. 

2.2.5  Quality  Assurance  and  Quality  Control 

a.  The  laboratory  shall  identify  control  parameters  for  each  analytical 
method,  experimentally  establish  control  limits  and  reevaluate  them  at 
regular  intervals,  and  take  scheduled  control  measurements  to  detect  trends 
and  out-of-limit  values.  Records  of  these  activities  shall  be  maintained  by 
the  laboratory.  EPA-CLP  or  method-specified  con'jol  limits  are 
unacceptable  substitutions  for  laboratory  generated  control  limits  except 
when  the  laboratory  limits  are  outside  the  method-specified  limits.  The 
laboratory  is  allowed  to  default  to  method-specified  limits  as  long  as  it  is 
in  the  process  of  performing  corrective  actions  to  bring  their  limits  to 
within  those  of  the  published  method. 

b.  Laboratory  QC  samples  (e  g.,  blanks,  matrix  spikes,  matrix  spike 
duplicates,  external  control  materials),  must  be  included  with  the  analyses 
of  all  field  samples,  as  detailed  in  the  contractor’s  SAP.  At  a  minimum, 
the  laboratory  must  analyze  the  QC  samples  specified  in  the  analytical 
method  at  the  frequency  indicated  by  the  method.  At  least  one  matrix 
spilm/matiix  spike  duplicate  pair  sh^  be  analyzed  for  every  20  project 
samples.  The  spiking  solutions  shall  include  all  analytes  of  interest  as 
specified  in  the  SW846  methods  and  approved  in  the  SAP.  The  contractor 
may  supplement  the  QC  samples  required  by  the  method  to  ensure 
accurate  and  precise  data;  however,  no  increase  in  the  contract  analytical 
price  will  be  permitted. 
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c.  The  exceedance  of  control  limits  or  presence  of  analytes  in  laboratory 
blanks  ^  concentrations  greater  than  three  times  the  detection  limits  as 
determined  in  the  laboratory  and  approved  in  the  SAP  indicates  a  need  for 
corrective  action.  Quanititation  and  detection  limits  shall  not  be  raised 
because  of  blank  contamination.  Corrective  actions  shall  be  performed 
prior  to  proceeding  with  reanalysis.  No  analytical  data  shall  be  conrected 
for  the  presence  of  analytes  in  blanks. 

d.  Environmental  samples  shall  be  grouped  in  specific  analytical  batches. 

Each  batch  shall  include  enough  calibration  and  QC  events  to  allow  it  to 
stand  as  an  autonomous  data  set  The  identity  of  each  batch  shall  be 
unambiguously  reported  with  the  analytical  data  (see  the  latest  version  of 
the  IRPIMS  Data  Loading  Handbook). 

2.2.6  Corrective  Action 

a.  Corrective  actions  shall  be  implemented  whenever  laboratory  blank 
contamination  is  detected  or  sample  results  exceed  control  limits. 

b.  All  corrective  actions  associated  with  the  project  defined  in  the  SOW  shall 
be  documented  and  the  records  shall  be  submitted  with  analytical  results  in 
niRs  and  Technical  Reports. 

2.2.7  Completeness 

The  laboratory  shall  establish  a  measure  of  completeness  objective  for  the 
analytical  results  of  the  environmental  samples  analyzed  for  this  project. 

Completeness  shall  be  specified  in  the  SAP  for  any  of  several  aggregations  of 
analytical  data  including  groups  of  samples,  analytical  batches,  analytical  methods, 
and  analytes  widtin  a  method.  Failure  to  achieve  the  completeness  criteria  approved 
by  HSD/YAQ  in  the  SAP  shall  require  resampling  and  reanalysis  at  no  cost  to  the 
government 

2.2.8  Record  Keeping 

a.  The  laboratory  shall  maintain  records  sufficient  to  recreate  each  analytical 
event  conducted  pursuant  to  the  SOW.  At  a  minimum  the  records  shall 
contain  the  following: 

•  Chain-of-custody  forms. 

•  Initial  and  continuous  calibration  records  including  standards 
preparation  traceable  to  the  original  material  and  lot  number. 
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•  Instrument  tuning  records,  if  applicable. 

•  Method  blank  analyses. 

•  Internal  standard  results,  if  applicable. 

•  Surrogate  spiking  and  results  (if  required). 

•  Spike  and  spike  duplicate  records  and  results. 

•  Laboratory  duplicate  records  and  results  (if  done). 

•  Raw  data  including  instrument  printouts,  bench  work  sheets,  and/or 
chromatogram  with  compound  identiflcation.  and  quantitation 
reports. 

•  Other  QC  samples  and  results  (e.g.,  inductively  coupled  plasma 
[ICP]  interference  check  standards  results,  results  of  the  matrix 
quantitation  limit  studies,  and  the  results  of  blank  spiking). 

b.  The  laboratory  shall  maintain  and  use  written  procedures  for  each 
analytical  method  and  QA/QC  function. 

c.  Laboratory  data  shall  be  presented  in  hard  copy  and  computerized  formats 
consistent  with  the  SOW.  this  Handbook,  and  the  latest  version  of  the 
IRPIMS  Data  Loading  Handbook. 

d.  The  following  units  of  measure  shall  be  used  for  reporting  analytical 
results: 

Water  samples-Inorganics  and  metals;  mg/L 

Water  saraples-Organics:  pg/L 

Water  samples-Radioactivity:  pCi/L 

Soil  and  sediment  samples-Organics.  inorganics,  and  metals: 
mg/kg,  dry  basis 

Soil  and  sediment  saraples-Radioactiviiy;  pCi/kg,  dry  basis 

Water,  soil,  and  sediment  samples-Toxicity  Characteristic  Leaching 
Procedure  (TCLP):  mg/L  for  all  analytes 
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Soil  Gas--GC  or  GCTMS:  parts  per  billion  of  analyte  by  volume 

Soil  Gas-OVA  and  HNu:  parts  per  million  of  calibration  gas  by  volume 

e.  Dry  Basis—Report  moisture  content  for  each  soil/sediment  sample.  The 
contractor  shall  modify  the  equation  for  moisture  content  given  in  ASTM 
D-2216  as  follows: 

w  =  [(W1-W2)/(W1.WC)1  X  100 

where,  w  =  moisture  content,  percent  by  weight 

W1  =  weight  of  container  and  sample  as  received 

W2  =  weight  of  container  and  ovendried  sample 

WC  =  weight  of  container 

2.3  DATA  QUALITY  ASSESSMENT 

Upon  completion  of  all  field  and  analytical  work  specified  in  the  SOW.  the 
contractor  shall  assess  the  quality  of  data  generated  as  a  result  of  these  activities. 

This  data  quality  assessment  shall  be  presented  in  the  Technical  Report  The 
assessment  of  environmental  data  occurs  in  two  phase.s.  Field  records  and  analytical 
data  are  reviewed  during  the  first  phase  to  identify  valid  data  and  are  subsequently 
evaluated  with  respect  to  environmental  conditions  in  the  second  phase. 

Requirements  for  these  assessments  are  identified  and  discussed  in  the  following  text. 

2.3.1  Review  of  Reid  Records 

The  contractor  shall  evaluate  all  field  records  for  the  following: 

•  Completeness  of  field  records. 

•  Identification  of  valid  samples. 

•  Correlation  of  field  test  data. 

•  Identification  of  anomalous  field  test  data. 

•  The  accuracy  and  precision  of  the  field  test  data  and  measiuements. 

Each  of  these  evaluations  is  discussed  in  the  following  text. 
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The  check  of  field  record  completeness  shall  ensure  that  all  requirements  for 
field  activities  in  the  SOW  have  been  fulfilled,  complete  records  exist  for  each  field 
activity,  and  that  the  procedures  specified  in  program  planning  documents  have  been 
implemented.  Field  documentation  shaU  ensure  sample  integrity  and  provide 
sufficient  technical  infomiation  to  recreate  each  field  event  The  results  of  the 
completeness  check  should  be  documented  and  environmental  data  affected  by 
incomplete  records  shall  be  identified  in  the  technical  report. 

The  identification  of  valid  samples  involves  interpretation  and  evaluation  of  the 
field  records  to  detect  problems  affecting  the  representativeness  of  environmental 
samples.  For  example,  field  records  can  indicate  whether  a  well  is  properly 
constructed  or  if  unanticipated  environmental  conditions  were  encountered  during 
construction.  The  lithologic  and  geophysical  logs  may  be  consulted  to  determine  if  a 
well  is  screened  only  in  the  water-bearing  zone  of  concern.  Records  should  also  note 
sample  properties  such  as  clarity,  color,  odor,  etc.  Photographs  may  show  the 
presence  or  absence  of  obvious  sources  of  potential  contamination,  such  as  operating 
combustion  engines  near  a  well  during  sampling.  Field  audit  reports  are  another 
source  of  data  for  review.  Those  judgments  of  sample  validity  shall  be  documented 
in  the  technical  report,  and  environmental  data  associated  with  poor  or  incorrect  field 
woric  shall  be  identified. 

The  results  of  field  tests  obtained  by  more  than  one  method  shall  be  correlated. 
For  example,  geophysical  surveys  of  subsurface  geology  can  be  conducted  by  using 
both  ground  penetrating  radar  and  resistivity.  The  results  of  these  two  measurements 
should  be  compared.  Similarly,  the  results  of  borehole  geophysical  surveys  obtained 
by  electrical  resistivity,  spontaneous  potential,  gamma  ray,  and  caliper  logging  shall 
be  correlated.  The  findings  of  these  correlations  shall  be  documented  and  the 
significance  of  anomalous  data  shall  be  discussed  in  the  technical  report. 

Anomalous  field  data  shall  be  identified  and  explained  to  the  extent  possible. 

For  example,  a  water  temperature  for  one  well  that  is  significantly  higher  than  any 
other  well  temperature  in  the  same  aquifer  shall  be  explained  in  the  technical  report. 
Widely  differing  calculations  of  aquifer  characteristics  from  test  data  obtained  at 
several  wells  shall  be  explained  in  the  technical  report  Also,  differences  in  well 
depths  from  construction  records  compared  to  field  measurements  shall  be  evaluated 
and  explained.  The  assessment  of  the  quality  of  field  measurements  shall  be  based 
on  instrument  calibration  records  and  a  review  of  any  corrective  action  reports.  The 
accuracy  and  precision  of  field  measurements  shall  be  discussed. 
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2.3.2  Review  of  Laboratory  Data 

All  laboratory  data  shall  be  reviewed  by  both  the  laboratory  and  contractor 
personnel  At  a  minimum,  the  review  of  laboratory  data  shall  focus  on  the  following 
subjects: 

•  Chain-of-custody  fonns. 

•  Holding  times, 

•  Method  calibration  limits. 

•  Method  blanks. 

•  Laboratory  established  detection  and  quantitation  limits. 

•  Analytical  batch  control  records  including  spike  recoveries  and  duplicate 
results. 

•  Corrective  actions. 

•  Formulas  used  for  analyte  quantitation. 

•  Calculations  supporting  analyte  quantitation. 

•  Completeness  of  data. 

The  establishment  of  detection,  quantitation,  and  control  limits  shall  be  verified. 
Method  validation  is  a  continuous  process  and  the  reviewer  shall  ensure  that  control 
charts  and  statistical  calculations  have  been  updated  to  include  recent  data.  Any 
control  limits  outside  of  the  acceptable  range  specified  in  the  analytical  methods  shall 
be  identified.  Any  trends  or  problems  with  the  data  shall  be  noted  and  evaluated  in 
the  technical  report  Any  laboratory  established  detection  and/or  quantitation  limits 
that  exceed  those  in  the  SAP  or  this  Handbook  shall  be  identifled.  The  absence  of 
records  supporting  the  establishment  of  control  criteria  and  detection  limits  shall  also 
be  noted  in  the  technical  report 

The  results  of  analytical  batch  quality  control  and  calibration  check  samples 
shall  be  compared  to  SAP-specified  acceptance  criteria.  Data  not  within  control 
limits  require  corrective  action  and  reviewers  shall  check  that  corrective  action 
reports  and  the  result  of  reanalysis  are  available.  Similarly,  sample  holding  times 
and  preservations  shall  be  compared  to  those  required  in  section  2.2.1.  If  holding 
tin&es  were  exceeded,  evidence  of  resampling  and  analysis  within  the  proper  holding 
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time  shall  be  noted.  Samples  associated  with  out-of-control  QC  data  shall  be 
identified  in  the  technical  report,  and  an  assessment  of  the  utility  of  such  analytical 
results  shall  be  recorded.  Corrective  action  reports  shall  be  referenced  in  this 
assessment 

Method  calibrations  and  continuing  calibration  verifications  shall  be  reviewed  to 
assure  conformance  to  acceptance  criteria  and  completeness  of  records.  The  review 
shall  also  ascertain  that  the  calibration  events  can  recreated  and  that  no  project 
samples  were  analyzed  when  the  instniment  was  not  in  proper  tune  or  calibration. 

The  check  of  laboratory  data  completeness  shall  ensure  that  all  samples  and 
analyses  required  by  the  SOW  have  been  processed,  complete  records  exist  for  each 
analysis  and  the  associated  QC  samples,  and  that  the  procedures  specified  in  the 
work  plan,  QAPP,  and  standard  operating  prot^ures  (SOPs)  have  been  implemented. 
The  results  of  the  completeness  check  shall  be  documented  in  the  technical  report  in 
a  tabular  form  identical  to  tables  A-3.  A-4.  and  A-5  of  the  SOW. 

2.3.3  Evaluation  of  Environmental  Data 

Using  the  reviews  of  field  records  and  laboratory  data,  environmental  data  that 
are  not  representative  of  environmental  conditions  because  they  were  generated 
through  poor  field  or  laboratory  practices,  shall  not  be  used  in  the  evaluation  process. 
This  determination  shall  be  made  using  the  professional  judgment  of  a 
multidisciplinary  team  (e.g.,  chemists,  hydrologists,  QA  officers),  and  other  personnel 
having  direct  experience  with  the  data  collection  effort  This  coordination  is  essential 
for  the  identification  of  valid  data  and  the  proper  evaluation  of  that  data.  Historical 
data  not  supported  by  proper  documentation  and  acceptable  QC  results  shall  not  be 
used. 


After  valid  data  are  identified  in  accordance  with  section  2.3.2  of  this 
Handbook,  the  following  steps  shall  be  implemented  to  interpret  the  data,  at  a 
minimum: 


Evaluate  field  duplicate  results. 

Evaluate  field  and  laboratory  blank  results. 

Evaluate  sample  matrix  effects  on  environmental  data. 

Interpret  and  integrate  environmental  data  to  formulate  conclusions  and 
recommendations. 
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Precise  Held  dupiic^  results  indicate  reproducible  sampling  technique  and 
precise  laboratory  analysis.  Beld  duplicate  results  not  within  control  limits  could 
indicate  a  heterogeneous  sample  medium,  poor  sampling  technique,  or  a  lack  of 
analytical  precision.  If  laboratory  split  samples  or  duplicates  are  precise,  the  problem 
may  be  associated  with  field  activities.  If  homogenized  samples  show  poor 
precision,  the  imprecision  is  probably  in  the  laboratory  analytical  process. 

Analyses  of  blanks  shall  be  assessed  to  determine  sources  of  contamination  and 
the  impact  of  any  contamination  on  the  analytical  results  for  environmental  samples. 
The  use  of  several  different  types  of  blanks  helps  to  identify  contamination  sources. 
Examples  of  sources  capable  of  contaminating  field  and  trip  blanks  include 
combustion  engine  exhaust,  container  cleaning  solvents,  or  pollution  from  off-site 
sources,  particularly  if  the  seal  on  the  blank  container  is  not  airtight.  The  water  or 
the  container  used  to  prepare  field  and  trip  blanks  may  also  be  sources  of 
contamination.  Method  blank  results  are  useful  to  detect  laboratory  contamination 
from  reagents,  equipment,  ambient  sources,  sample  handling,  or  instrument  carry¬ 
over.  The  presence  of  a  contaminant  in  a  blank  requires  corrective  action  to 
eliminate  the  source  of  contamination  and  reestablish  analytical  control. 
Contamination  proven  to  be  a  constant,  low-level  systematic  error  that  cannot  be 
eliminated  shall  be  noted  in  the  technical  report,  and  its  impact  on  the  analytical 
results  for  environmental  samples  shall  be  evaluated.  Under  no  circumstances  shall 
the  results  for  environmental  samples  be  "corrected”  for  blank  contamination. 

Assessment  of  the  sample  matrix  can  help  to  define  the  sources  of  anomalous 
data.  The  matrix  can  cause  either  a  high  or  low  bias  to  the  results  of  normal 
environmental  samples.  High  analytical  results  occur  when  analytes  are  inadvertently 
added  to  samples  by  dropping  contaminated  materials  in  wells,  blowing  contact  with 
a  contaminated  environment,  or  similar  problems.  High  results  may  also  be  caused 
by  nati''e  material  in  the  sample.  For  example,  thallium  appearing  in  the  ICP 
analysis  of  salirte  waters  maybe  a  spectral  interference  caused  by  other  substances  in 
the  sample.  Also,  high  calcium  concentrations  in  water  analyzed  by  ICP  may 
generate  spectral  interferences  for  other  metals.  Contamination  may  also  cause  low 
results  through  adsorption  or  dilution.  For  example,  improper  development  may 
leave  drilling  muds  in  a  well  that  will  adsorb  metals  from  water,  and  water  added  to 
a  well  during  development  could  reduce  the  concentrations  of  analytes  in  a 
contaminated  aquifer.  Potential  matrix  effects  identified  through  laboratory  tests  or 
field  records  shall  be  identified  and  their  impact  on  results  for  environmental  samples 
shall  be  described  in  the  technical  report 
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2.4  CONCEPTUAL  SITE  MODEL 

Conceptual  site  models  shall  be  developed  for  each  site  at  the  earliest  stage  in 
the  IRP  process  to  facilitate  integration  and  analysis  of  validated  laboratory  data  and 
field  records.  Concepnial  site  models  shall  be  developed  after  a  review  of  all 
available  site  information  at  the  stage  of  preliminary  assessment  (PA).  It  shall  then 
be  further  refined  or  revised  vtrith  the  inclusion  of  additional  site  data  whenever 
appropriate  throughout  the  IRP  process.  Conceptual  site  models  are  to  be  used  to: 

(1)  integrate  infonnation  form  various  discipline,  (2)  identify  additional  data  needs, 
(3)  facilitate  the  selection  of  remedial  designs,  and  (4)  guide  risk  assessment 

Conceptual  site  models  shall  identify  migration  routes  and  potential  receptors, 
integrate  geologic  and  hydrologic  information,  and  provide  the  basis  for  human 
health  and  ecological  ri^  assessment  and  evaluation  of  alternative  remedial  actions. 
The  five  elements  of  a  conceptual  site  model  ate:  (1)  identification  of  ctmtaminants, 

(2)  characterization  of  the  source  of  contamination,  (3)  delineation  of  potential 
migration  pathways  considering  geologic  and  hydrologic  conditions,  (4)  identificaticm 
of  both  human  and  ecological  receptors,  and  (5)  determination  of  the  concentrations 
of  contaminants  in  environmental  media  at  the  point  of  exposure  to  recqrtors.  The 
complexity  and  sophistication  of  the  site  model  shall  be  consistent  with  the 
complexity  of  the  site  and  the  amount  of  data  available.  All  assumptions  and 
limitations  shall  be  clearly  identified  Identify  the  sources  of  any  equations  and 
justify  their  use. 

2.4.1  Contaminant  Identification  and  Establishment  of  Background  Concentrations 

Site  contaminants  are  those  hazardous  substances  detected  in  environmental 
samples  at  concentrations  greater  than  background  levels.  This  defuiition  requires 
that  the  quantification  of  analytes  shall  be  accurate;  background  concentrations  shall 
be  established;  and  the  difference  between  the  analyte  concentration  and  background 
levels  shall  be  established. 

Background  concentrations  shall  be  established  through  the  collection  of 
background  samples  for  each  medium  (e.g..  groundwater,  soil,  air)  investigated  at 
each  site.  For  groundwater,  background  is  defmed  as  follows:  ”The  quality  of 
groundwater  that  would  exist  at  a  site  if  the  site  had  not  affected  groundwater 
quality."  Similar  definitions  apply  to  the  other  media.  Background  samples  may  be 
contaminated,  but  not  by  the  site  in  question.  Thus,  a  groundwater  sample  collected 
between  two  sites  may  represent  the  ctmtaminant  plume  emanating  from  one  site  and 
background  wuer  qu^ty  with  respect  to  the  other  site.  Literature  values  shall  not  be 
used  in  place  of  site-specific  background  concentrations. 
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Once  the  background  concentrations  are  established,  contaminant  concenutitions 
shall  be  shown  to  be  higher  than  background  levels.  The  methods  used  to 
differentiate  contaminants  from  background  levels  shall  be  described  in  the  technical 
report 

2.4.2  Source  Characterization 

At  a  minimum,  the  following  four  source  characteristics  shall  be  measured  or 
estimated  for  each  site: 

•  Source  location  and  boundaries  (area  and  depth). 

•  Source  volume  or  amount. 

•  Hazardous  constituents  present  in  source  and  their  concentrations. 

•  Hme.  duration,  and  rate  of  hazardous  constituent  release  from  source. 

If  no  evidence  of  a  source  exists,  field  records  and  laboratory  data  shall  be 
reviewed  to  ascertain  that  contamination  exists  at  a  site.  If  the  contamination  is 
confirmed,  the  area  of  contamination  shall  be  considered  to  be  a  source  and 
migratitm  pathways  and  receptors  shall  be  determined. 

If  there  are  multiple  sites  in  proximity  to  one  another  such  that  it  is  not  possible 
to  determine  the  individual  source  or  sources,  the  affected  sites  shall  be  aggregated 
into  a  zone.  Migration  pathways  and  receptors  shall  be  determined  for  the  zone, 
rather  than  for  individual  sites. 

2.4.3  Potential  Migration  Pathways  Identification 

Potential  migration  pathways  through  groundwater,  surface  water,  direct  contact, 
and  air  routes  shall  be  identified  for  each  source.  If  a  source  of  contamination 
cannot  be  identified,  migration  pathways  from  the  zone  of  contamination  shall  be 
ittentified. 

Contaminant  transport  shall  be  estimated  for  all  applicable  pathways.  When 
contamination  is  detected  at  a  receptor  contact  point  and  the  exposure  pathway  is 
ctmiplete,  the  existing  risk  shall  be  estimated  directly  using  the  methodology  in 
section  2.5.  For  example,  if  contamination  is  detected  in  a  well  used  as  a  source  of 
drinking  water,  the  risk  associated  with  exposure  to  the  contaminants  shall  be 
estimated  on  the  basis  of  the  concentrations  of  the  contaminants  present  in  the  well. 

In  addition,  the  impact  of  potential  future  migration  of  the  contaminants  to  the 
receptor  contact  point  shall  be  evaluated.  Incomplete  exposure  pathways  shall  be 
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clearly  identified.  An  exposure  pathway  is  incomplete  if  any  of  the  following 
elements  is  missing:  ( 1 )  a  mechanism  of  contaminant  release,  (2)  a  transport 
medium,  (3)  a  point  of  potential  human  contact  with  the  contaminated  medium,  and 
(4)  an  exposure  route  at  the  contact  point. 

2.4.3. 1  Groundwater  Pathway 

Identify  and  justify  the  equations  or  models  used  to  estimate  groundwater 
transport  Election  of  appropriate  equations  or  models  requires  knowledge  of  the 
location  of  the  source  or  contaminant,  the  density  and  water  solubility  of  the 
contaminant,  and  other  site  and  contaminant-spocific  information.  For  those 
contaminants  that  are  slightly  soluble  in  water,  concentrations  below  the  limit  of 
solubility  shall  be  evaluated  as  soluble  contaminants.  At  concentrations  greater  than 
the  limit  of  solubility,  the  contaminants  shall  be  evaluated  both  as  soluble  and 
insoluble  phases.  Transport  shall  be  estimated  for  each  contaminant  present  at  a  site. 

2.4.3.2  Surface  Water  Pathway 

Surface  water  transport  shall  be  evaluated  only  if  any  of  the  following 
conditions  are  met:  (1)  a  perennial  body  of  water  (river,  lake,  continuous  stream, 
drainage  ditch,  etc.)  is  located  within  two  miles  of  the  source  or  area  of 
contamination;  (2)  an  uninterrupted  pathway  exists  from  the  source  or  area  of 
contamination  to  the  surface  water,  (3)  sampling  and  analysis  results  from  the  surface 
water  body  or  sediments  indicate  contaminant  levels  above  background;  and 
(4)  contaminated  groundwater  is  known  or  suspected  to  discharge  to  a  surface  water 
body.  Identify  and  justify  equations  used  and  assumptions  made. 

2.4.3.3  Air  Pathway 

Conuuninant  transport  through  air  shall  be  determined  for  contaminants  in  the 
surface  soil  capable  of  migrating  as  gasses  or  as  suspended  particulate  matter. 

2.4.4  Receptor  Identification 

The  populations  of  humans  or  other  species  at  risk  due  to  their  existence  in 
contaminant  migration  pathways  are  designated  receptors  and  shall  be  identified 
according  to  the  following  guidance. 

2.4.4. 1  Human  Receptors 

For  each  site  contaminant,  determine  areas  within  which  receptors  may  be 
affected  using  the  results  of  transport  models  developed  for  each  pathway.  These 
areas  shall  be  determined  on  the  basis  of  the  principal  downgradient  or  downwind 


(based  on  wind  rose  data)  directions.  Identify  potential  human  receptors,  both 
permanent  and  transient,  within  the  affected  areas.  Populations  served  by  drinking 
water  sources  within  areas  that  may  be  affected  by  contaminated  groundwater  or 
surface  water  shall  be  identified  as  potential  receptors  even  if  they  reside  outside  the 
area.  If  no  permanent  or  transient  receptors  exist  for  a  site  or  its  affected  area,  no 
further  action  is  appropriate.  When  determining  receptors,  consider  actual  or 
potential  commercial  and  recreational  uses  of  surface  water  within  the  affected  area. 
Identify  receptors  that  fall  within  the  affected  area  for  more  than  one  site  or  affected 
area.  Consider  receptors  that  may  come  into  direct  contact  with  site  contaminants. 
Justify  all  assumptions  and  identify  all  sources  of  information. 

2.4.4.2  Ecological  Receptors 

Locate  and  identify  terrestrial  and  aquatic  habitats  for  plants  and  animal  within 
and  around  the  study  area.  Consult  with  local  and  state  officials,  and  Federal  Natural 
Resource  Trustees  to  determine  whether  any  of  the  areas  identified  qualify  as  critical 
habitats  or  sensitive  environments.  Identify  all  important,  declining,  endangered,  or 
rare  species  that  either  inhabit  (whether  permanently  or  transiently)  or  migrate 
through  the  study  area.  Important  species  are  those  with  commercial  or  recreational 
value,  as  well  as  those  whose  abundance  or  other  characteristics  conuibute  to  either 
the  well-being  or  the  perceived  value  of  a  given  region. 

2.4.5  Contaminant  Concentration  at  Receptors 

Contaminant  concentrations  at  the  receptor  nearest  to  each  source  or  zone  of 
contamination  shall  be  estimated  for  each  complete  migration  pathway.  The 
maximum  plausible  (highest  concentration)  exposure  to  any  receptor  (all  potential 
pathways  considered)  shall  also  be  determined  and  used  in  the  risk  assessment.  If 
contaminant  concentrations  at  a  receptor  are  known  from  field  or  laboratory  analysis 
of  samples,  use  these  concentrations  in  the  risk  assessment.  Predictive  modeling 
shall  be  used  to  estimate  future  contaminant  concentrations  at  potential  receptor 
contact  points  where  contaminant  concentrations  are  expected  to  change,  provided 
that  mo^ls  exist  that  are  based  on  assumptions  that  match  natural  conditions.  Either 
analytical  or  numerical  models  may  be  used.  The  EPA  Superfund  Exposure 
Assessment  Manued  (SEAM),  EPA/540/ 1-88/001,  OSWER  Directive  9285.5-1.  April 
1988,  contains  information  on  a  variety  of  models  that  are  a  available  for  predicting 
the  transport  of  contaminants  through  each  of  the  three  migration  pathways. 

Whenever  predictive  modeling  is  performed,  a  model  should  be  chosen  on  the  basis 
of  its  compatibility  with  site  conditions.  Justification  of  all  assumptions,  and 
example  model  "runs"  shall  be  provided.  The  requirements  of  section  2. 1. 2.9, 
Analytical  or  Numerical  Model  Representations  of  the  Hydrogeological  Conceptual 
Model,  also  apply  here. 
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2.5  BASELINE  RISK  ASSESSMENT 


The  baseline  risk  assessment  is  an  estimate  of  the  potential  risk  to  human  health 
and  the  environment  associated  with  exposure  to  site  contaminants  in  the  absence  of 
remediation.  The  results  of  the  baseline  risk  assessment  may  be  used  to:  (1)  support 
a  "No  Further  Action"  decision,  (2)  prioritize  the  need  for  remediation,  or  (3)  provide 
the  basis  for  quantification  of  remedial  ob^ctives.  The  following  guidance  for 
conducting  a  baseline  human  health  risk  assessment  is  consistent  with  the  guidance 
provided  in  EPA  Risk  Assessment  Guidance  for  Superfund,  Volume  1:  Human 
Health  Evaluation  Manual  (HHEM),  Part  A,  EPA/540/ 1-89/002,  OSWER  DirecUve 
9285.7-Ola,  December  1989.  The  most  recent  EPA  guidance  available  should  be 
used  in  conducting  risk  assessment  for  Ore  IRP. 

An  ecological  assessment  shall  be  a  part  of  the  baseline  risk  assessment  to 
evaluate  the  potential  environmental  effects  of  contaminants  at  the  study  area  or  the 
probable  impact  of  project  activities  on  the  environment  The  nature,  extent  and 
detail  of  the  ecological  assessment  shall  be  determined  in  consultation  with  the  TPM 
based  on  the  characteristics  of  the  study  area  and  the  site  contaminants.  General 
guidance  for  conducting  the  ecological  assessment  is  contained  in  EPA  Risk 
Assessment  Guidance  for  Superfund,  Volume  2:  Environmental  Evaluation  Manual, 
EPA/S40/1-89/001,  March  1989.  More  detailed  information,  that  is  consistent  with 
the  EPA  guidance,  can  be  found  in  the  MITRE  Technical  Report  General  Guidance 
for  Ecological  Risk  Assessment  at  Air  Force  Bases.  This  report  is  appended  to  this 
Handbot^. 

Independent  risk  assessments  shall  be  developed  for  each  site  or  zone.  When 
performing  the  baseline  risk  assessment,  consider  both  current  and  future  use.  A  risk 
assessment  shall  be  developed  for  each  human  receptor  population  identified  and 
shall  include  consideration  of  every  contaminant  to  which  that  receptor  population  is 
exposed  and  every  pathway  of  exposure.  The  following  methodology  shall  be  used 
for  baseline  risk  assessments. 

2.5.1  Selection  of  Site  Contaminants 

Unless  otherwise  approved  by  the  TPM.  all  site  contaminants  identified  by  the 
procedure  in  section  2.4.1  shall  be  subjected  to  a  baseline  risk  assessment  See  EPA 
Guidance  for  Data  Useability  in  Risk  Assessment,  EPA/540/G-90/008,  OSWER 
Directive  9285.7-05,  October  1990,  or  the  most  recent  guidance  for  information  on 
minimum  data  quality  requirements  for  environmental  analytical  data  to  support 
baseline  risk  assessment  Site  contaminants  and  their  averaged  concentrations 
(geometric  means)  shall  be  summarized  in  the  technical  repon  for  each  site  or  zone, 
using  the  format  presented  in  table  2-3.  Additional  analytical  data,  including  range 
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of  detected  concentrations,  detection  frequency,  95  percent  confidence  limits,  anu 
background  analyte  concentrations  shall  also  be  provided  in  the  technical  report, 

2.5.2  Exposure  Assessment 

The  objectives  of  an  exposure  assessment  are  to  identify  actual  and  potential 
exposure  pathways,  to  characterize  receptor  populations,  and  to  estimate  the 
magnitude  and  rate  of  exposure  at  contact  pc'nts.  Contaminant  concentrations  at  a 
receptor  contact  point  shall  be  estimated  for  complete  exposure  pathways,  using  the 
procedure  outlined  in  the  conceptual  site  model  section  of  this  Handbook.  Additional 
information  can  be  found  in  the  applicable  portions  of  the  SEAM  or  the  most  recent 
guidance. 

2.5.2. 1  Pathway  Analysis 

Identify  incomplete  exposure  pathways  as  determined  in  the  conceptual  site 
model.  Incomplete  pathways  require  no  further  analysis.  For  complete  pathways, 
exposure  point  estimates  shall  be  based  on  the  conceptual  site  model.  After  the 
actual  and  potential  exposure  points  have  been  identified,  the  locations  where  human 
contact  is  likely  to  occur  shall  be  analyzed  for  current  and  future  use  scenarios. 
Human  contact  mechanisms  include  ingestion,  dermal  absorption,  and  inhalation. 

The  possibility  of  human  contact  is  determined  by  analyzing  the  activities  (social  and 
worit)  of  potential  receptors.  The  pattern  of  social  and  work  related  activities  will 
indicate  if  water  is  used  for  domestic  consumption,  recreational  activities 
(e.g.,  swimming,  fishing),  irrigation,  or  other  types  of  commercial  uses. 

The  results  of  the  pathway  analysis  shall  be  presented  in  technical  reports  using 
the  tabular  format  illustrated  in  table  2-4.  Conservative,  yet  realistic  assumptions 
should  be  made.  Clearly  identify  all  assumptions  in  table  2-3. 

2.5.2.2  Estimation  of  Chemical  Intake 

The  estimation  of  chemical  intake  shall  be  conducted  for  each  completed 
pathway.  The  parameters  that  defme  chemical  intake  are;  contaminant 
concentration,  frequency  of  contact,  and  duration  of  exposure. 

Determine  intakes  for  receptors  closest  to  the  source  and  maximum  plausible 
exposure  as  identified  in  the  conceptual  site  model. 

Standard  valims  for  the  parameters  used  in  these  calculations  (body  weight, 
breathing  rates,  water  consumption,  etc.)  shall  be  those  found  in  the  HHEM  (exhibits 
6-11  through  6-19),  Exposure  Factor  Handbook,  EP A/600/8-99/043,  July  1989,  or  the 
most  recent  guidance.  These  same  sources  also  contain  algorithms  that  shall  be  used 
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to  calculate  chemical  intake  for  the  most  common  exposure  sceririos:  inhalation 
from  showering  with  contaminated  water:  ingestion  from  water  and  food  consumption 
and  contaminated  soil  ingestion  by  young  children;  and  dermal  contact  with 
contaminated  soil  and  water.  The  intakes  shall  be  expressed  as  mass  of  contaminant 
per  day  per  kilogram  of  body  weight  (mg/kg  day).  Daily  intakes  from  intermittent 
exposures  shall  be  estimated  by  multiplying  the  intake  per  event  by  the  number  of 
exposure  events  over  the  exposure  period  and  dividing  this  projection  by  the  total 
number  of  days  in  the  exposure  period. 

2.5.3  Toxicity  Assessment 

Toxicity  assessment  is  the  evaluation  of  the  toxicity  information  available  on 
chemicals  to  determine  their  potential  to  cause  adverse  health  effects  in  receptors, 
either  human  or  ecological.  In  all  cases,  adverse  health  effects  are  proportional  to 
dose.  However,  the  approach  used  to  develop  useful  parameters  for  applicability  to 
risk  assessment  is  different  for  human  health  consideration  and  for  ecological  risk 
assessment 

2.5.3. 1  Human  Toxicity  Assessment 

The  potential  health  effects  of  non-carcinogens  in  humans  shall  be  estimated 
using  the  EPA  reference  doses  (RfDs).  An  RfD  is  an  estimate  of  the  upper  limit  of  a 
daily  exposure  dose  for  the  human  population,  including  sensitive  subpopulations, 
that  is  likely  to  cause  no  deleterious  effects  during  a  lifetime  of  exposure.  RfDs  are 
expressed  in  units  of  mg/kg-day.  The  EPA  estimates  of  RfDs.  which  can  be  obtained 
on-line  through  the  Integrated  Risk  Information  System  (IRIS)  database,  shall  be  used 
to  assess  toxicity.  Only  if  information  is  not  available  in  IRIS,  should  other 
information  sources  be  used.  Such  sources  include:  EPA  Health  Effects  Assessment 
Summary  Tables,  other  EPA  criteria  documents  (including  drinking  water  criteria 
documents,  drinking  water  health  advisory  summaries,  and  air  quality  criteria 
document),  and  toxicological  profiles  from  the  Agency  for  Toxic  Substances  and 
Disease  Registry  (ATSDR). 

The  health  risks  associated  with  exposure  to  potential  carcinogens  are  evaluated 
using  the  slope  factors  (SFs)  developed  by  the  EPA.  The  SF  is  an  upper-bound 
estimate  of  a  carcinogenic  response  per  unit  intake  of  a  chemical  over  a  lifetime. 

The  EPA  weight  of  evidence  classification  should  always  be  provided  to  indicate  the 
strength  of  the  evidence  that  the  chemical  is  a  human  carcinogen.  The  SF  values 
contained  in  the  EPA  IRIS  electronic  data  base,  which  are  expressed  in  units  of 
mgAtg-day,  shall  be  used  to  estimate  the  excess  lifetime  cancer  risk  associated  with 
exposure  to  low  concentrations  of  potential  carcinogens. 
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Table  2-3.  Summary  of  Cbemicals  of  Potential  Concern  at  Site 
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Table  2-4.  Poteatiai  Patbwajn  of  EipoaTB  to  CtNitaaUMBU 
at  Site _ under  Currcat-Uac  CondWone 
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(swumnug)  Dermal  absorption  Kecrcational  No.  There  are  no  swimming  activities  reponed 

inckknlal  ingestion  users  on  site. 


2.53.2  Ecological  Toxicity  Assessment 

Establish  appropriate  assessment  endpoints  (i.e.,  toxic  effects  in  target  species) 
for  each  ecologic^  contaminant  of  concern.  Target  species  are  species  inhabiting 
(permanently  or  transiently)  or  migrating  through  the  study  area  that  are  deemed 
important  by  virtue  of  being  rare,  endangered,  declining,  possessing  commercial/ 
recreational  value,  or  otherwise  contributing  to  the  perceived  value  of  the  region. 
Selection  of  target  species  should  be  made  in  consultation  with  the  TPM  after 
conferring  with  local  and  state  officials,  and  Federal  Natural  Resource  Trustees. 
Determine  the  envirorunental  concentration  of  the  contaminant  that  is  likely  to  elicit 
changes  in  an  assessment  endpoint  in  the  target  species.  Such  information  may  be 
obtained  through  a  search  of  ^e  scientific  literature.  Where  data  for  eliciting  the 
endpoint  of  concern  in  a  specific  target  species  are  not  available,  other  toxicity  data 
(e.g.,  lethal  concentration,  50  percent  [LC50];  or  lowest  observed  effect  level  [LOEL]) 
may  be  used  to  derive  a  surrogate  for  effective  concentration.  If  toxicity  data  are 
unavailable,  EPA  ambient  water  criteria  or  other  no  observed  effect  level  (NOEL)- 
type  data  may  be  used.  The  distinction  between  the  effective  concentration  of  the 
contaminant  (one  that  causes  an  effect,  e.g..  LC;o)  and  a  "safe  concentration  (oiie  that 
will  probably  not  elicit  an  effect,  e.g.,  NOEL)  should  be  considered  in  the 
interpretation  of  the  risk  assessment 

2.5.4  Risk  Characterization 

This  section  describes  how  the  data  assembled  in  the  previous  sections  shall  be 
used  to  quantitatively  estimate  risk  and  interpret  the  significance  of  the  estimated 
risk.  The  numerical  estimates  of  risk  shall  be  accompanied  by  explanatory  text 
interpreting  and  qualifying  the  results. 

2.5.4. 1  Human  Health  Risk 

2.5.4. 1 . 1  Non-Carcinogenic  Risk 

The  tabular  format  summarizing  the  estimated  risk  calculation  for  non¬ 
carcinogens  presented  in  table  2-5  shall  be  used  in  technical  reports  for  each 
complete  exposure  pathway  at  each  site.  Non-carcinogenic  effects  are  presumed  to 
be  threshold  events.  The  risk  estimate  shall  be  based  on  the  numerical  ratio  of  the 
estimated  chemical  intake  to  the  RfD.  This  ratio  is  called  the  hazard  quotient  in  the 
absence  of  data  sufficient  to  estimate  the  risk  of  mixtures  of  contaminants,  risk  shall 
be  assumed  to  be  additive  for  each  contaminant  The  hazard  index  is  equal  to  the 
sum  of  the  hazard  quotients.  If  the  hazard  index  is  greater  than  unity  as  a  result  of 
summing  several  hazard  quotients,  it  is  advisable  to  segregate  the  compounds  by 
effect  and  by  mechanism  of  action  and  to  calculate  separate  hazard  index  for  each 
group.  The  hazard  indexes  of  contaminants  present  for  each  exposure  pathway  at 
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Table  2*5.  Exposures  and  Non*Carclaogeaic  Risks  Associated  with 
Ingestioo  of  Groundwater  at  Site _ 
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Hazard  quotients  and  hazard  indexes  shall  be  expressed  as  one  sigoifleant  figure  only. 


each  site  shall  be  added  to  estimate  both  average  and  maximum  plausible  exposure 
scenarios.  The  hazard  indexes  of  carcinogens  shall  also  be  calculated  if  appropriate 
RfD  values  are  available. 

A  hazard  index  lower  than  unity  indicates  that  the  contaminants  at  the  site  are 
not  likely  to  present  a  health  risk.  A  hazard  index  greater  than  unity  indicates  that 
the  combined  chemical  intake  exceeds  the  recommended  safety  threshold.  In  this 
situation,  the  chemical  contaminants  shall  be  evaluated  individually  to  identify 
potential  risk.  The  hazard  index  is  not  a  mathematical  prediction  of  incidence  or 
severity  of  adverse  health  effects,  rather  it  constitutes  a  numerical  index  to  assist  in 
the  identification  of  a  condition  of  imminent  threaL 

2.5.4.1.2  Carcinogenic  Risk 

The  tabular  format  sununarizing  the  estimation  of  risk  posed  by  carcinogens 
presented  in  table  2-6  shall  be  used  in  technical  reports  for  each  completed  exposure 
pathway  at  each  site.  The  excess  lifetime  risk  associated  with  potential  carcinogens 
shall  be  estimated  by  multiplying  the  chronic  intake  of  each  chemical  by  its  slope 
factor.  The  chronic  intake  is  the  sum  of  the  daily  intakes  from  all  completed 
exposure  pathways.  The  carcinogenic  effects  of  the  contaminants  shall  be  considered 
to  be  additive.  Therefore,  the  risk  estimates  for  the  individual  chemicals  shall  be 
added  to  obtain  an  estimate  of  the  risk  posed  by  oi%  exposure  pathway  at  a  site. 

2.5.4.2  Ecological  Risk 

Characterize  the  present  and  future  potential  exposure  of  target  species  to  the 
ecological  contaminants  of  concern  based  on  environmental  fate  and  transport  as 
predicted  by  the  conceptual  site  model,  frequency  and  duration  of  contact  (including 
influence  by  species  mobility),  bioaccumulation  potential,  and  food  chain 
considerations.  Any  seasonal  variation  that  could  influence  the  exposure  scenario 
should  be  considered. 

Develop  an  ecological  risk  characterization  (ERC)  for  indicator  species/habitats 
for  each  ecological  contaminant  of  concern.  Include  a  discussion  of  the  assumptions 
and  uncertainties  for  each  ERC.  Where  chtical/endangered  habitats  and  sensitive 
environments  are  being  characterized,  the  acceptable  risk  will  be  lower  than  for  the 
^neral  ecological  community.  The  ERC  should  be  quantified  by  using  the 
biological  quotient  method  (see  appendix  C).  The  ecological  quotient  is  defined  as 
the  ratio  between  the  observed  contaminant  concentration  and  the  endpoint 
concentration  or  beuch  mark  concentration  for  the  indicator  species/habitat  When 
peer  reviewed  dose-response  data  are  available  they  should  be  included  in  the 
assessment  If  NOEL-type  values  are  used  as  surrogates  for  effective  concentrations, 
the  ecological  quotient  will  be  substantially  more  conservative  as  an  indicator  of  risk. 
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TaMe  2-6.  Exposures  and  Cardnogenk  Risks  Assodated  with  Ingestion  of  Groundwater  at  Site 
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All  cancer  risks  shall  be  expressed  as  one  significant  figure  only. 


2.S.4.3  Evaluation  of  Risk 


The  risk  estimates  for  carcinogens  and  non-carcinogens  shall  be  evaluated  to 
determine  whether  any  population  groups  are  in  imminent  danger  and  to  identify 
contaminants  posing  the  greatest  risks  so  that  remedial  actions  can  be  directed  at 
those  chemicais.  Compliance  with  ARARs  shall  also  be  assessed. 

Human  exposure  point  concentration  estimates  shall  be  compared  to  ARARs  as 
a  way  of  assessing  potential  adverse  effects  associated  with  a  site.  ARARs  consist  of 
feder^  drinking  water  maximum  contaminant  levels  (MCLs),  proposed  MCLs. 
federal  ambient  water  quality  criteria,  national  ambient  air  quality  standards,  and  state 
environmental  standards.  ARARs  may  be  chemical-specific,  or  based  on  location  or 
action-speciflc  requirements.  If  none  of  the  exposure  pathways  for  human  contact 
are  complete,  no  risk  is  posed  by  exceeding  the  ARAR.  It  is  not  necessary  to 
calculate  risk  levels  for  ARARs  except  in  unusual  circumstances.  Sources  of  ARARs 
can  be  found  in  EPA  Data  Quantity  Objections  for  Remedial  Response  Activities: 
Development  Process,  EPA/540/G-87/003,  OSWER  Directive  9355.0-7B,  March 
1987,  EPA  Comprehensive  Environmental  Response.  Compensation  and  Liability 
Act  (CERCLA)  of  1980,  Compliance  with  Other  Laws  Manual,  EPA/54(VG-89/006, 
OSWER  Directive  9234.1-01,  August  1988,  or  more  recent  guidance. 

The  total  risk  to  exposed  populations  posed  by  all  sites  on  the  entire  installation 
shall  also  be  evaluated.  The  step  is  to  identify  exposed  population  groups 
common  to  more  than  one  site.  Then  the  site-spe<^c  risks  posed  by  each 
contaminant  to  the  common  population  groups  shall  be  evaluated  together  (i.e.,  the 
hazard  indexes  shall  be  adde^  or  daily  intalres  shall  be  summed  to  obtain  the  chronic 
dose).  The  significance  of  these  aggregated  risks  shall  be  discussed  in  the  technical 
report  In  addition,  contaminants  capable  of  causing  both  carcinogenic  and  non- 
carcinogenic  effects  shall  be  identified. 

All  risk  assessment  findings  shall  be  put  in  perspective  by  identifying  and 
discussing  the  uncertainties  inherent  to  the  assessment  These  uncertainties  may  be 
related  to  sampling  and  analysis,  assumptions  used  for  the  development  of  exposure 
scenarios,  selection  of  toxicity  parameters,  hydrogeological  data,  etc.  The  potential 
impact  of  each  uncertainty  factor  on  risk  estimates  with  respect  to  both  direction 
(i.e..  over-  or  underestimate  risk)  and  magnitude  (e.g..  order  of  magnitude)  shall  also 
be  indicated.  The  technical  report  shall  also  identify  areas  where  a  moderate  amount 
of  additional  data  might  substantially  reduce  the  uncertainty  in  the  baseline  risk 
assessment 
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2.6  FEASIBILITY  STUDY 


The  purpose  of  the  feasibility  study  is  to  examine  site  characteristics,  cleanup 
goals,  and  tl^  performance  of  alternative  remedial  technologies  so  that  the  most 
effective  approach  for  the  remediation  of  each  site  can  be  identified.  The  feasibility 
study  shall  address  every  migration  pathway  that  poses,  or  could  pose,  an 
unacceptable  risk  to  human  health  or  the  environment  at  each  site.  The  feasibility 
study  shall  be  conducted  according  to  the  requirements  in  the  following  subsections. 
These  requirements  ate  consistent  with,  but  not  identical  to.  the  corresponding 
recommendations  in  Guidance  for  Conducting  Remedial  Investigations  and 
Feasibility  Studies  under  Comprehensive  Environmental  Response,  CERCLA  of  1980, 
EPA/54(VG-89,  OSWER  directive  9355.3-01,  October  1988. 

2.6.1  Site  Characterization  for  Remediation 

A  brief  sununary  of  site  characterization  data  from  the  remedial  investigation 
and  quantitative  ridt  estimates  shall  be  presented  for  each  site  in  the  tabular  format 
illustrated  in  table  2-7.  The  design  parameters  necessary  to  define  the  physical  and 
chemical  properties  of  each  contaminated  environmental  medium  shall  be  included  in 
the  table.  The  design  parameters  indicated  in  table  2-7  are  provided  for  illustration 
and  are  not  inclusive.  This  table  shall  summarize  the  site-specific  information 
necessary  to  condoa  the  screening  and  detailed  analysis  of  remedial  alternatives. 

The  text  supporting  the  table  shall  discuss  the  RCRA  status  of  each  site  and  the 
contaminated  material  within  each  site.  In  addition,  any  unusual  conditions  that  may 
affect  remediation  shall  be  discussed.  The  site  cleanup  goals  presented  in  the  table 
may  be  derived  either  from  ARAR  requirements  or  from  acceptable  levels  of  risk. 

The  basis  for  each  cleanup  goal  shall  be  identified  in  the  text 

2.6.2  Scieening  of  Remedial  Alternatives 

The  alternative  approaches  to  remediation  at  each  site  that  shall  be  screened 
include  containment,  treatment,  and  removal  of  contaminated  materials.  The  site 
characterization  data  shall  be  used  to  identify  which  general  ^proacb,  or 
combination  of  approaches,  to  remediation  is  likely  be  most  effective  for  each 
migration  pathway  at  each  site.  Factors  favming  the  selection  of  an  approach 
include: 

•  Ease  of  implementation  with  respect  to  technical  feasibility  and  regulatory 
compliance. 

•  Brevity  of  project  duration. 
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•  Effectiveness  of  reducing  contamination  and  risk  to  acceptable  levels. 

Because  the  screening  process  addresses  approaches  to  remediation  rather  than 
specific  remedial  technologies,  the  evaluation  is  qualitative  rather  than  quantitative. 
However,  the  screening  analysis  shall  use  the  quantitative  site  characterization  data  to 
recommend  an  approach  to  remediation.  The  rationale  for  selecting  an  approach 
shall  be  documented  in  the  technical  report  The  results  of  the  screening  study  shall 
be  summarized  in  the  tabular  format  presented  in  table  2-8. 

2.6.3  Detailed  Evaluation  of  Remedial  Alternatives 

The  detailed  evaluation  shall  identify  the  remedial  technology  most  likely  to  be 
successful  for  each  recommended  remedial  approach  identified  by  the  screening 
study.  Thus,  several  remedial  technologies  sh^  be  evaluated  for  remediating  each 
migration  pathway  at  each  site.  The  number  of  technologies  selected  for  detailed 
evaluation  shall  be  deteimined  based  on  knowledge  of  alternatives  that  have  proven 
to  be  successful  under  conditions  similar  to  those  at  each  site.  Unproven 
technologies  and  those  known  to  perform  inadequately  under  site  conditions  shall  not 
be  evaluated. 

The  following  criteria  shall  be  used  to  evaluate  alternative  technologies  and  the 
associated  supporting  information  shall  be  provided  in  the  technical  report: 

•  Successful  application  of  the  t^hnology  under  site  conditions  supported 
by  identification  of  project  locations,  dates,  and  managing  entity. 

•  Total  project  cost  supported  by  an  estimate  itemizing  technology  testing, 
capital  equipment,  operating  and  maintenance  labor,  equipment, 
environmental  testing  and  monitoring,  and  closure  costs. 

•  Risk  reduction  supported  by  numeral  estimates  of  risk  posed  to  site 
workers  or  other  receptors  during  remediation  and  the  risk  posed  by  any 
contaminants  remaining  idter  remediation.  Estimates  of  technology 
p^ormance  necessary  to  calculate  risk  reduction  shall  be  supported  by 
references  to  successful  applications. 

•  Project  duration  supported  by  an  estimated  schedule  showing  major 
milestones,  including  any  permitting  activities  that  may  be  requited. 

•  Data  gaps  supported  by  the  identification  of  any  environmental  testing  or 
treatability  studies  necessary  to  determine  the  effectiveness  of  a  remedial 
technology  under  site  conditions. 
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TiMe  2*8.  Remedial  Action  Screening  for  Site 


Media 


Remedial 

Action 


Projected 

Treatment 

Efficiency 


Retained  or 
Rejected 


Rationale 


In  addition  to  discussing  the  application  of  each  of  these  criteria  in  the  text  of 
the  technical  report,  the  detailed  evaluation  shall  be  summarized  in  the  tabular  format 
presented  in  table  2-9. 

The  results  of  the  detailed  evaluation  shall  be  a  recommended  technology,  or 
combination  of  technologies,  to  remediate  each  migration  pathway  posing  an 
unacceptable  risk  at  each  site.  If  such  a  determination  cannot  be  made  with  available 
information,  data  gaps  shall  be  identified  and  a  testing  program  capable  of  providing 
the  missing  information  shall  be  proposed.  A  tabular  summary  of  the  qualitative 
evaluation  for  the  nine  criteria  specified  in  OSWER  Directive  9355.3-01  shall  also  be 
presented  in  the  technical  report. 

2.6.4  Siting  Analysis 

The  siting  analysis  identifies  potential  locations  for  establishing  remedial  units, 
any  required  permitting  activities,  and  the  coordination  required  to  remediate  more 
than  one  site  at  an  installation.  The  analysis  shall  include  an  installation  map 
showing  proposed  locations  for  on-site  remedial  units  and  proposed  transportation 
routes  for  any  off-site  remediation.  The  analysis  shall  also  include  estimates  of  the 
area  (footprint)  required  for  each  remedial  unit  and  of  the  flow  rates  for  all  influent 
and  effluent  streams.  The  regulatory  status  of  each  effluent  shall  be  determined 
based  on  the  previous  estimates  of  technology  efflciencies. 
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Table  2'9.  Summary  of  Remedial  Action  Evaluation  at  Site 


3.0  IRPIMS  DATA  MANAGEMENT 


The  contractor  shall  establish  a  data  management  plan  to  meet  the  data  deliverable 
requirements  of  the  Installation  Restoration  Program  Information  Management  System 
(IRPIMS). 

3.1  The  contractor  shall  be  responsible  for  recording  field  and  laboratory  data  into  a 
computerized  format  as  required  by  the  SOW  and  the  most  current  version  of  the  IRPIMS 
Data  Loading  Handbook  (maUed  under  separate  cover). 

3JI  AU  IRP  contractors  that  have  been  tasked  and  approved  to  load  IRPIMS  data  shall  be 
required  to  deliver  individual  IRPIMS  data  files  (e.g.,  analytical  results,  groundwater  level 
data)  in  sequence  according  to  a  controlled  time  schedule. 

3.3  IRPIMS  training  is  available  to  the  contractor  upon  written  request. 

3.4  All  IRPIMS  data  files  prepared  by  contractors  are  required  to  be  error-free  before  they 
are  delivered  to  the  Air  Force.  All  data  files  delivered  to  the  Air  Force  will  be  electronic^y 
evaluated  for  format  compliance  and  data  integrity.  Any  errors  identified  by  the  Air  Force 
shall  be  corrected  by  the  contractor. 
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4.0  PROJECT  DELIVERABLES  REQUIREMENTS 

Hus  section  contains  requirements  for  the  preparation  of  project  deliverables 
required  by  the  SOW.  Use  of  these  formats  is  mandatory. 

IRP  contractors  shall  submit  data  in  ten  structured  American  Standard  Code 
Information  Interchange  (ASCII)  files  for  entry  into  IRPIMS.  Instructions  for 
preparing  and  submitting  these  files  are  contained  in  the  most  recent  versitm  of  the 
IRPIMS  Data  Loading  Handbook. 


4.1  R&D  STATUS  REPORT 

Monthly  reports  shall  be  prepared  by  the  project  leader  or  program  manager  to 
describe  the  technical  status  and  progress  of  the  project  The  purpose  of  the  R&D 
Status  Report  is  to  inform  the  TPM  of  the  progress  of  the  project  and  to  justify  the 
hours  billed  during  the  period.  These  reports  shall  discuss  the  following  items: 

a.  Identification  of  installation  and  activity  in  progress. 

b.  Status  of  woilt  at  each  site  and  progress  to  date. 

c.  Percentage  completion  of  each  task  and  sections  of  reports,  and  schedule 
status. 

d.  Difficulties  encountered  during  the  reporting  period. 

e.  Actions  being  taken  to  rectify  problems. 

f.  Activities  planned  for  the  next  month. 

g.  Changes  in  personnel. 

The  monthly  progress  report  shall  list  target  and  actual  completion  dates  for 
each  element  of  activity,  including  project  completion,  and  shall  provide  an 
explanation  of  any  deviation  from  the  milestones  in  the  Work  Plw.  Deviations  in 
milestones  or  activities  specified  in  the  SOW  and  approved  Woric  Plan  that  are 
reported  in  the  R&D  Status  Report  and  accepted  by  the  TPM  do  not  constitute 
modifications  in  the  SOW.  Modifications  shall  be  processed  in  writing  to  the  TPM. 
The  failure  of  the  TPM  to  detect  deviations  from  a  SOW  or  approved  Work  Plan  that 
are  reported  in  the  R&D  Status  Report  does  not  grant  the  contractor  permission  to 
proceed  in  error. 
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The  level  of  detail  in  the  R&D  Status  Repon  shall  support  the  hours  claimed 
for  the  same  time  period.  The  report  shall  identify  activities  such  as  well  installation 
and  sampling,  analysis  of  data,  report  writing,  and  other  items  requiring  major 
manpower  commitments.  Analytical  results  generated  during  the  reporting  period 
shall  be  submitted  with  the  neat  R&D  Status  Report  Chapters  or  sections  of  the 
technkal  report  may  be  submitted  with  the  R&D  Status  Report  as  they  are  drafted. 
Provide  a  detailed  table  of  contents  for  required  deliverables  with  the  first  R&D 
Status  Report  after  development 


4.2  INFORMAL  TECHNICAL  INFORMATION  REPORTS 

Informal  Technical  Information  Reports  (ITlRs)  shall  be  prepared  if  required  in 
the  SOW.  The  format  of  the  ITlRs  shall  be  proposed  by  the  contractor  to  the  TPM. 
except  for  the  ITlRs  described  below. 

4.2.1  Andytfcal  Data  mR 

Analytical  data  ITlRs  shall  be  submitted  electronically  or  as  hard  copy, 
whichever  is  specified  in  the  SOW.  Electronic  data  shall  conform  with  the 
requirements  specified  in  the  most  recent  IRPIMS  Data  Loading  Handbook. 

4.2.2  Ibrd  Copy  Analytical  Data  ITIR  Oudine 
1.0  ANALYTICAL  RESULTS 

(Use  format  in  table  4-1  at  end  of  technical  report  outline) 

2.0  CROSS-REFERENCE  TABLE 

(Use  format  in  table  4-2  at  end  of  technical  report  outline,  showing  the 
page  numbers  of  the  data  in  the  mR.) 

3.0  HOLDING  TIMES 

(Use  format  in  table  4-3  at  end  of  technical  report  outline) 

4.0  QA/QC  SUMMARY  REPORT 

(Use  format  in  table  4-4  at  end  of  technical  report  outline) 
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5.0  CHAIN-OF-CUSTODY  FORMS 


Show  the  following; 

•  Unique  sample  identification. 

•  Dale  and  time  of  sample  collection. 

•  Source  of  sample  (including  name,  location,  and  sample  type). 

•  Preservative  used. 

•  Analyses  required. 

•  Name  of  collector(s). 

•  Serial  number  of  custody  seals  and  transportation  cases  (if  used). 

•  Custody  transfer  signatures  and  dates. 

4.23  Site  Characterization  Summary  ITIRs 

The  purpose  of  this  i  l  lK  is  to  provide  a  comprehensive  descripfion  of  the  site- 
specific  environmental  characterization  including  the  nature  and  extent  of  the 
contamination  and  the  interpretation  of  the  data  associated  with  a  particular  site. 
This  will  serve  as  the  core  document  from  which  the  remedial  investigation  (Rl) 
report  will  be  developed.  It  should  at  a  minimum  contain  the  following  sections; 

(1)  introduction,  (2)  site  investigations  conducted,  (3)  conceptual  site  model  (see 
section  2.4  of  this  Handbook),  and  (4)  appendixes  that  include  technical  information 
such  as  field  records,  field  measurement  data,  laboratory  analytical  data,  QA/QC  of 
all  data,  and  chain-of-custody  forms. 


4.3  TECHNICAL  REPORTS 

In  most  cases,  the  technical  report  will  include  a  discussion  of  both  the  RI  and 
feasibility  study  (FS).  However,  if  the  SOW  specifies  a  separate  preliminary 
assessment  (PA)  report,  RI  report,  or  FS  report,  the  following  technical  report 
sections  shall  be  included; 
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PA  Report  Format 


R1  Report  Format 


FS  Report  Foiroat 


Title  Pages,  Preface,  etc. 

Title  Pages,  Preface,  etc. 

Title  Pages,  Preface,  etc. 

Executive  Summary 

Executive  Summary 

Executive  Summary 

l.O 

1.0 

1.0 

3.1 

2.0 

3.1.4 

3.2 

3.0 

3.2.3 

3.3 

5.0 

3.3.2 

5.0 

References 

Appendixes 

3.33 

4.0 

5.0 

Appendixes  (as  appropriate) 

Provide  detailed  tables  of  content  to  the  TPM  for  approval  as  soon  as  they  are 
developed  for  the  ccnresponding  report  with  the  next  R&D  Status  Report 

The  following  outline  shall  be  used  for  preparing  RI/FS  technical  reports. 
SubsectitHis  describing  activities  not  required  by  the  SOW  may  be  delved.  Use  of 
figures  and  tables  is  specifically  required  in  the  following  outline  paragraphs: 

Fieures  J3l2lfi& 

Executive  Summary  Executive  Summary 

1.2  2.2.1 

1.3  3.1.1 

2.2.1  4.0 

3.1.1  Appendix  G 

3.1.4 

3.2.1 

3.2.2 

Provide  other  figures  and  tables  to  the  extent  needed  to  make  the  report  more 
readable,  and  to  present  data  in  a  logical  and  understandable  manner.  The  technical 
report  outline  follows: 


TECHNICAL  KEPOKT  OUTLINE 
REPORT  COVER  PAGE  (See  attached  format,  page  4-23) 
TITLE  PAGE  (See  attached  format,  page  4-24) 
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DISCLAIMER 


REPORT  DOCUMENTATION  PAGE.  SF  Form  298 

PREFACE  (Optional) 

TABLE  OF  CONTENTS 

LIST  OF  HGURES 

LIST  OF  TABLES 

EXECUTIVE  SUMMARY-This  section  shall  present  a  summation  of  the 
cumulative  knowledge  available  to  date  from  both  current  and  previous  IRP 
investigations,  as  well  as  from  other  studies  identified  in  the  course  of  the  literature 
search.  This  section  shall  include  text,  summary  tables,  and  figures  that  provide  an 
overview  of  the  investigative  procedures  and  the  major  conclusions  and  findings  of 
the  investigation.  After  reviewing  the  summary,  the  reader  should  be  familiar  with 
the  intent,  objectives,  and  noteworthy  results  of  the  IRP  investigation  and  what 
critical  conclusions  can  be  made  regarding  the  control,  management,  and  remediation 
of  die  hazardous  waste  sites  on  the  Air  Force  instaOation.  The  need  for  any  future 
IRP  investigaions  beyond  the  scope  of  the  current  efforts  should  also  be  mentioned 
here.  Other  items  to  be  included  ate: 

•  Location  map  (8  1/2"  x  11")  and  brief  descriptions  of  sites. 

•  Investigative  procedures,  scientific  surveys  conducted,  and  methodologies 
used  for  the  current  project. 

’  Time  frame  for  various  aspects  of  the  current  investigation. 

•  Summary  of  field  program  (e.g.,  number  of  wells  drilled,  type  and  number 
of  samples  taken)  in  tabular  form. 

•  Signifrcance  of  the  findings  of  this  investigation  relative  to  applicable 
environmental  standards. 

•  Recommendations  identifying  the  site,  recommended  activities,  and  the 
rationale  for  selecting  the  activities,  in  tabular  form. 


1.0  INTRODUCTION 


1.1  The  Air  Force  IRP-Briefly  describe  the  objectives  and  implementation 
of  the  IRP. 

1.2  Installation  Description"Briefly  describe  the  physical  geogr^hy. 
climate,  geology,  hydrology,  industrial  activities,  etc.,  for  the  entire 
installation.  Incorporate  newly  collected  data  from  each  site  with 
existing  information  to  present  an  installation-wide  view  of  the 
environmental  setting.  Site-^)«:ific  information  should  be  provided  in 
section  3  of  this  outline.  Include  the  following  8  1/2”  x  1 1”  maps: 

•  Regional  location  map  showing  Air  Force  installation,  major  roads, 
streams,  industries,  towns,  etc. 

•  Topography  of  installation. 

•  Surface  water  drainage. 

•  Regional  geologic  cross-section. 

•  Geology. 

•  Well  location  map  in  vicinity  of  installation. 

•  Groundwater  flow  directions. 

1.3  Site  Inventoiy "Identify  sites  and  present  a  brief  history  of  investigative 
activities  and  findings.  Include  an  installation  map  showing  site  locations. 

1.4  Remedial  Actions-Describe  any  past  or  present  remedial  actions. 

2.0  PROJECT  AcnvmES 

2.1  Project  Objectives-Identify  general  and  site-specific  objectives  for 
sampling  and  analysis. 

2.2  Field  Activities 

2.2.1  Field  Program—Provide  a  brief  summary  demonstrating  compliance 
with  HSD/YAQ  requirements,  including: 

•  Project  summary  similar  to  annex  A  of  the  SOW. 


•  Summary  of  well  constniciion  procedures,  if  applicable,  with  a 
well  completion  diagram.  Include  a  table  of  well  construction 
and  development  details  for  ail  wells. 

•  Table  of  survey  data  including  coordinates  and  elevations  for  all 
sampling  locations.  This  table  shall  be  consistent  with  IRPIMS 
data  loading  guidance. 

•  Overview  of  sampling  and  measurement  methods. 

•  Record  keeping. 

•  Identity  of  field  team  members,  subcontractors  used  and  the  tasks 
they  performed. 

2.2.2  Chronology  of  Field  Work. 

2.2.3  Field  QA/QC-Provide  a  teief  summary  including: 

•  Description  of  the  field  QA/QC  program. 

•  Problems  detected  and  corrective  actions  taken  during  field 
program. 

•  QA  activities,  i.e.,  audits,  record  reviews,  etc. 

2.3  Laboratory  Analyses 

2.3.1  Analytical  Program-Provide  a  brief  summary,  including: 

•  Identification  cf  analytical  laboratories  performing  work  and  the 
analyses  conducted  in  a  tabular  format  similar  to  tables  A-3  and 
A-4  in  the  SOW. 

•  Identification  of  parameters  for  analysis,  references  to  analytical 
methods,  and  specifications  of  the  methods  for  establishing  and 
calculating  detection,  quantitation,  and  control  limits  in  each 
laboratory. 

2.3.2  Chronology  of  Laboratory  Analyses 

2.3.3  QA/QC  prograra-include: 
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•  Types  of  laboratory  QC  samples  and  materials  used  to  control 
project  data  (by  method). 

•  Frequency  of  QC  sample  analysis. 

•  Reference  appendix  G  for  the  specific  acceptance  criteria  for 
sample  results. 

•  Problems  detected  during  laboratory  analysis,  especially  out-of¬ 
control  conditions. 

•  Corrective  actions  taken  to  correct  QC  problems. 

•  Calculations  of  completeness  of  analytical  results. 

•  QA  activities,  i.e.,  audits,  evaluation  of  performance  sample 
results,  etc. 

2.4  Data  Evaluation 

2.4.1  Methodology  for  data  quality  assessment-Briefly  describe  the 

{Kocedures  used  to  identify  valid  data.  Include  a  copy  of  the  data 

validation  summary. 

2.4.2  Data  Analysis  and  Interpretation 

Describe  the  system  used  for: 

•  Selection  of  analytical  methods  for  analyzing  results  of  aquifer 
tests. 

•  Review  of  selected  analytical  methods. 

•  Review  of  calculations,  including  reduction  of  field  data. 

•  Review  of  the  conceptual  site  model,  including  the  geologic  and 
hydrologic  environment  that  is  envisioned  as  data  are  synthesized. 

•  Review  of  illustrations,  map  cross-sections,  3-D  dia!|raros.  etc., 
for  accuracy  of  plotted  data  and  the  geologic  and  hydrologic 
interpretations  presented  on  the  illustrations. 
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2.4.3  Methodology  for  risk  estimation-- Briefly  outline  the  procedures 
used  to  determine  contaminant  fate  and  transport,  estimate  risks  to 
human  health,  evaluate  compliance  with  ARARs,  and  assess 
environmental  risk. 

3.0  REMEDIAL  INVESTIGATION-Information  from  project  activities  shall 
be  used  to  interpret  data  and  develop  numerical  estimates  of  risk  posed  by 
contaminants  at  each  site.  The  format  presented  in  this  section  shall  be  repeated  to 
develop  a  conceptual  site  model  for  each  site.  The  use  of  maps  and  tables  in 
addition  to  those  specified  is  encouraged.  Repeat  sections  3. 1  through  3.3  for  each 
site  or  zone. 

3.1  Sampling  and  Analysis  Results 

3.1.1  Review  of  field  and  laboratory  data-Summarize  site  data  and 
identify  invalid  data  as  described  in  sections  2.3.1,  2.3.2,  and  2.3.3 
of  this  Handbook. 

3.1.2  Data  summary-Present  analytical  and  geochemical  data  for  all 
sampling  locations  in  tabular  format  (a  format  is  provided  in 
table  3-1).  Show  all  sampling  locations  on  a  site  map.  Include  a 
separate  site  map  showing  soil  gas  survey  results  if  such  data  are 
available. 

3.1.3  Background  levels-Identify  background  concentrations  of  analytes 
in  the  proximity  of  the  site.  See  definition  of  background  in 
section  2.4.1  of  this  Handbook. 

3.1.4  Contaminants-Identify  site  contaminants  from  accurate  and 
validated  data  and  estimate  the  extent  of  contamination.  Show 
contaminant  plumes  on  site  maps  and  show  analyte  concentrations 
adjacent  to  sampling  locations. 

3.1.5  Trend  analysis-Compare  project  data  with  historical  data  and 
identify  changes  in  concentration  over  time. 

3.1.6  Source-Characierize  contaminant  sources  with  respect  to  location 
quantity,  physical  state,  the  process  that  generated  wastes,  and  other 
relevant  information.  Show  source  locations  on  site  maps. 

3.2  Migration  Pathways-The  methodology  presented  in  section  2.4  of  this 

Handbook  shall  be  used  to  identify  potential  migration  pathways  and 
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receptors.  Clearly  indicate  all  assumptions  made  and  justify  the  selection 
of  equations  used. 


3.2.1  Migration  potential-Estimate  the  attenuation  and  rates  of 

contaminant  migration  from  the  affected  media  for  each  potential 
migration  pathway.  At  a  minimum,  evaluate  the  following 
environmental  characteristics  for  each  potential  pathway: 

•  Subsurface  migration-concisely  discuss  the  following  features 
that  may  affect  contaminant  fate  and  transport: 

-  Topography. 

-  Stratigraphy,  lithology,  structure.  Include  the  following 
illustrations: 

Columnar  sections. 

-  Site-speciHc  geologic  cross-sections  developed  from  field 
activities. 

-  Soil  properties. 

-  Identification  and  classification  of  hydrologic  units.  Include  a 
8  1/2"  X  ir  maps  of  water  table  elevations  or  the 
potentiometric  surface  showing  flow  directions  for  each  site. 
Describe  changes  of  water  levels  or  potentiometric  surface 
over  time. 

-  Aquifer  characteristics  such  as  storativity,  transmissivity, 
effective  porosity,  and  boundary  conditions. 

-  Groundwater  flow  characteristics  such  as  velocity,  hydraulic 
gradients,  and  variability  over  time. 

•  Surface  migration-concisely  discuss  the  following  characteristics 
of  surface  water  and  soil  that  may  affect  contaminant  fate  and 
transport. 

-  Identification  of  watershed  and  drainage  courses  for  streams, 
wetlands,  ponds,  etc.  Classification  as  gaining  or  losing. 
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-  Location  and  discharge  of  springs. 

-  Row  characteristics-velocity.  dischnrge,  seasonal  variation, 

and  flood  frequencies,  as  applicable. 

-  Soil  characteristics-permeability,  texture,  etc. 

•  Air  transport-concisely  discuss  the  following  characte  'ctics  that 

may  affect  contaminant  fate  and  transport: 

-  Climatic 

-  temperature 

-  precipitation 

-  evapotranspiration  (actual  and  potential) 

-  seasonal  variability  of  wind  velocity  and  predominant 
direction 

3.2.2  Receptors-Identify  areas  of  potential  exposure  to  human  and 
ecologic  receptors  from  the  sources  of  contamination.  Identify 
populations  potentially  exposed  to  contaminants  through 
groundwater,  surface  water,  or  air  routes.  Show  the  locations  of 
potential  receptors,  including  the  results  of  any  well  inventory,  on 
site  or  installation  maps. 

3.2.3  Contaminant  concentrations  at  receptors-Summarize  calculations 
used  to  estimate  contaminant  concentrations  at  receptors  nearest  to 
the  source  that  maybe  affected  by  groundwater,  surface  water,  or 
air.  Discuss  the  uncertainties  inherent  in  these  calculations  and 
indicate  a  probable  range  of  concentrations. 

3.3  Risk  Assessmeni--The  methodology  presented  in  section  2.5  of  this 

Handbook  shall  be  used  to  develop  a  numerical  estimate  of  risk  posed  by 
site  contaminants. 
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3.3. 1  Exposure-Identify  the  mechanism  of  human  exposure  to  site 
contaminants  and  estimate  the  dose  received  by  the  potentially 
exposed  population  for  each  exposure  pathway,  including: 

•  Ingestion 

•  Dennal  contact 

•  Inhalation 

Assess  the  environmental  impact  of  contaminants  and  project  activities  on 
threatened,  endangered  or  rare  species,  sensitive  environments,  and  critical  habitats 
on  or  near  the  site. 

3.3.2  Risk  estimate-Summarize  calculations  of  risk  posed  by  each  site 
contaminant  through  each  exposure  pathway.  Analyze  the 
significance  of  each  risk  estimate. 

3.3.3  Identifictuion  of  ARARs-Compare  contaminant  concentrations 
found  in  the  environment  and  estimated  at  receptors  to  ARARs. 

4.0  FEASIBELITY  STUDY  -  The  methodology  and  formats  in  section  2.6  of 
diis  Handbook  shall  be  used  to  develop  and  present  the  feasibility  study. 

4.1  Site  Charactetization-Summarize  remedial  investigation  data  necessary  to 
characterize  each  site  for  evaluation  of  remedial  alternatives.  Identify  the 
RCRA  status  of  the  site  and  site  materials. 

4.2  Screening  Analysis  of  Remedial  Aitematives-Determine  whether 
containment,  treatment,  removal,  or  some  combination,  is  the  most 
effective  approach  to  rtmediating  each  migration  pathway  posing  a  threat 
or  potentisd  threat  to  human  health  or  the  environment  at  each  site. 
Provide  the  rationale  for  each  determination. 

4.3  Detailed  Analysis  of  Remedial  Altematives-Identify  alternative  remedial 
technologies  for  each  approach,  evaluate  the  alternatives,  and  recommend 
a  technology  or  combination  of  technologies  to  remediate  each  migration 
pathway  posing  a  threat  at  each  site. 

4.4  Siting  Analysis-Identify  potential  locations  for  remediation  units  at  the 
installation,  discuss  the  integration  of  concurrent  remedial  activities  at 
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sites,  identify  major  regulatory  issues,  and  estimate  remedial  unit  sizes  and 
capacities. 

5.0  CONCLUSIONS  AND  RECOMMENDATIONS 
S.  1  Categorization  of  Sites 

5.1.1  Category  l»No  further  action  because  no  significant  impact  to 
human  health  or  the  environment  exists. 

5.1.2  Category  2-Further  study  is  required  to  categorize  the  site. 

5.1.3  Category  3--Remedial  action  is  required. 

5.2  Future  Studies-Identify  site-specific  objectives  for  further  work  at 
category  2  sites.  Clearly  identify  additional  data  needs  and  specific 
recommendations  for  obtaining  Uie  data.  Identify  any  treatability  studies 
or  bench/pilot  scale  studies  that  may  be  needed  to  complete  the  detailed 
analysis  of  alternatives. 

5.3  Remediation-Provide  suggestions  for  implementation  of  preferred 
remedial  actions  at  category  3  sites. 
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APPENDIXES 


A.  References  and  a  glossary  of  Definitions,  Nomenclature,  and  Units  of 
Measurement 

B.  Copy  of  the  Task  Desciiptioas/SOW->Incorporate  all  schedules  of  change 
and  variations  into  original  SOW. 

C.  Well  Data  and  Lithologic  Logs,  including: 

1.  Well  Design  and  Well  Completion  Information 

2.  Drilling  Logs 

3.  Lithologic  Description  of  Units  Penetrated 

D.  Field  Data 

1.  Sampling  Field  Forms 

2.  Aquifer  Testing  Data  and  Analyses 

3.  Geophysical  Data 

4.  Geotechnical  and  &igineering  Data 

5.  Air  Quality  Data 


6.  Biological  Data 
E  Surveying  Data 
F.  Chain-of-Custody  Forms 


G. 


Analytical  Data  for  water,  soil,  sediment,  air,  and  biological  sampling 
inciting  resulta^d  control  limits  for  QC  samples  such  as  blanlu,  spikes, 
and  duplicates.  \ 


\ 


Provide  a  summary  table  of  analytical  data  including  detection  and 
quantitation  limits  (use  format  in  table  4.1).  Laboratory  QC  data  must  be 


traceable  to  the  applicable  analytical  batch  or  sample  set.  Provide  a  cross- 
reference  table  for  sample  identification  (use  format  in  table  4-2);  a  table 
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NOTES  TO  TABLE  4-1 


1.  Each  Analytical  Data  Summary  shall  include  results  from  one  site,  method,  and 
matrix.  Provide  as  many  such  tables  as  necessary. 

2.  List  all  analytes  tested  for  using  the  identified  method.  The  use  of  an  option  of 
listing  only  positively  identified  (confirmed  data  greater  than  the  detection  limit) 
analytes  in  this  column  is  available  at  the  direction  of  the  TPM.  When  only  the 
positively  identified  analytes  are  listed  in  this  table,  provide  a  separate  list  of  all 
analytes  tested  in  the  method  (implying  a  not  detected  value). 

3.  Detection  and  quantitation  limits  must  be  laboratory  established  and  approved  in 
the  SAP. 

4.  List  the  most  stringent  applic^le  action  levels  in  this  column.  Include  the 
sources  of  these  action  levels  in  footnotes  to  table  4-1.  If  an  action  level  does 
not  exist,  provide  the  background  value  or  range. 

5.  List  values  for  aU  method  analytes  (unless  using  the  option  for  reporting  only 
positive  values  from  note  2  above). 

For  gas  chromatographic  analyses,  report  three  results: 

•  First-column  analysis. 

•  Second-column  analysis  (if  confirmation  is  required). 

•  Primary  result-The  primary  result  is  the  concentration  reported  for  the 
analyte  after  the  first-  and  second-column  results  have  been  evaluated  by 
the  laboratory.  For  confirmed  results,  this  number  is  usually  (but  not 
necessarily)  the  same  as  the  first-column  concentration.  Where  there  are 
coeluting  peaks  on  the  Hrst-column,  the  second-column  analytical  result 
should  be  reported  as  the  primary  result.  Provide  an  appropriate  footnote 
explaining  the  rationale  behind  this  decision.  Averaging  Hrst-  and 
second-column  results  to  obtain  the  primary  result  is  not  permitted. 
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The  following  flags  may  be  used  to  further  explain  data: 


•  J=Estiniated  data  (explain  why  estimation  was  necessary). 

•  B=Analyte  was  identified  in  the  laboratory  or  field  blank. 

•  R=Data  are  unusable  (analyte  may  or  may  not  be  present). 

6.  Results  of  field  QC  samples  that  are  common  to  more  than  one  matrix  or  site 
are  to  be  duplicated  in  appropriate  table  4-1.  When  multiple  field  blanks  are 
collected  for  environmental  samples  from  the  same  site,  identify  which  blanks 
are  associated  with  which  environmental  samples. 

7.  Include  results  of  the  laboratory  blank(s)  relevant  to  the  field  samples  presented. 

8.  Provide  the  laboratory-established  control  limits  next  to  the  name  of  the 
surrogate. 

9.  This  portion  of  the  table  may  be  used  to  report  field  measurements  (e.g.,  pH, 
temperature).  Field  measurements  may  also  be  submitted  as  a  separate 
analytical  summary  table. 
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summarizing  sample  collection,  extraction  and  analysis  dates  (use  formal 
in  table  4-3);  and  a  table  listing  control  limits  for  laboratory  C}C  samples 
(use  format  in  table  4-4). 

H.  Any  correspondence  with  federal,  state,  or  local  governmental  agencies. 

I.  Data  from  Related  or  Previous  IRP  Investigations.  This  appendix  shall 
include  data  or  text  from  other  investigations  that  are  pertinent  to  this 
particular  IRP  effort 

J.  Well  Abandonment  Records. 

K.  Biographies  of  Key  Personnel. 

L.  (Quality  Assurance/(}uality  Control  for  Production  of  Documents. 

The  contractor  shall  explain  the  system  by  which  the  following  are 
confirmed:  (a)  data  in  the  narrative  and  in  illustrations  conform  to 
tabulated  data;  (b)  tabulated  data  conforms  to  data  recorded  on  field 
forms;  (c)  typographical  errors  are  eliminated;  and  (d)  mechanical 
scrambling  of  segments  of  the  printed  narrative  is  eliminated. 

M.  Data  Validation  Summary 
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Table  4-3.  Sununary  of  Eitraction  and  Analysis  Dates 

(Me«holll  I  rMelbod21 
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Tahic  4-4.  Quality  Conirol  Rcp>»rt 
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NOTES  TO  TABLE  AA 


1.  Laboratory  sample  identification  may  be  added  to  field  sample  identification  as 
an  qption. 

2.  List  only  analytes  found  in  the  laboratory  blank. 

3.  Detection  and  quantitation  limits  used  in  the  analysis  of  Air  Force  samples  mutt 
be  established  in  the  labtmitory  and  approved  in  the  SAP.  Include  units  of 
measure  as  required  in  section  2.2.8  of  this  Handbook. 

4.  Refer  to  secdtm  2.2.5.C  of  this  Handbook. 

5.  Include  units  of  measure  (see  section  2.2.8). 

6.  The  control  limits  used  for  the  analysis  of  Air  Force  samples  must  be 
established  in  the  laboratory  and  approved  in  the  SAP. 

7.  Provide  a  brief  corrective  acticm  explanation.  Include  a  detailed  explanation  of 
corrective  actitxis  in  the  text  of  the  technical  report  (see  section  2.3.3  of  the 
technical  report  outline). 

8.  Matrix  spike  and  matrix  ^ike  duplicates  may  be  submitted  on  a  separate  sheet, 
uranged  in  the  same  format 

9.  DesCTibe  the  effects  of  matrix  interference  on  field  samples.  State  which 
analytes  may  be  affected  and  how. 

10.  Attach  a  glossary  cf  terms  and  symtrols  used  in  the  table. 
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Ttidavlcal  impart  Cov«r 


(Contractor's  Report  tfuirter) 


INSTALLATION  RESTCRATICN  PROGRAM  (IRP) 


STAGE  [1,2,  etc] 


(title  of  report,  RI/FS,  FI,  FS,  etc) 


(Base  and  Aidress) 

(Contractor' s  Name  and  Address) 

(  Date) 

(Type  of  Report)  [Final,  Draft,  etc.]  (period  covered) 


DISmiBOTION  STATEMENT 
(ONLY  ON  FINAL  CX)PY) 


PREPARED  FOR 

(Major  Comnand  Civil  Engineer  Address)  e.g., 
HEADQUARTERS  STRATEGIC  AIR  C0M1AND 
(HQ  SAC/DE) 

Offutt  Air  Force  Base,  Nebraska  68113-5001 


AIR  FX^CE  CENTER  FOR  ENVIRONMENTAL  EXCELLENCE 
ENVIRONMENTAL  SeiVICES  OFFICE 
ENVIRONMENTAL  RESTORATION  DIVISION  (APCEE/ESR) 
BROOKS  AIR  FORCE  BASE,  TEXAS  78235-5000 
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VK±nlaal  Rai»rt  Titl«  Fag* 


IWSTALLATIOM  RESTORATION  HIOGRAM  (IRP) 
STAGE  [1,2,  etc] 

(title  Of  report,  PI/FS,  RI,  FS,  etc) 


FOR 

(Base  &  Addbress) 

(Major  Comaanj  Civil  Engineer  and  Address) 
(Date) 


PREPARED  BY 

(Contractor' s  Nam  and  A±iress) 

USAF  COWIRACT  NO. _ ,  DELIVERY  ORDER  NO. 

OCNlRACrOR  COMIRACT  NO. _ ,  DELIVERY  ORDER  NO. 


DisroiamoN  statemest 

(ONLY  ON  FINAL  COPY) 


ENVIRONMENTAL  RESTORATION  DIVISION 
(Nam,  Grade,  Title) 

TECHNICAL  PROJECT  MANAGER 


AIR  FORCE  CENTER  FOR  ENVIFOlWEafrAL  E3(CELLENCE 
ENVIRONMENTAL  SERVICES  CffTICE 
ENVIRONMENTAL  RESTORATION  DIVISION  (AFCEE/ESR) 
BROCa^S  AIR  FORCE  BASE,  TEXAS  78235-5000 


4-24 


4.4  DECISION  DOCUMENTS 


The  purpose  of  a  decision  docuntent  is  to  summarize  the  Air  Force  rationale 
for  selecting  a  particular  remedial  action.  Remedial  actions  include  the  selection  of 
a  No  Further  Action  alternative.  The  decision  document  is  used  to  formally 
document  that  selection  by  ensuring  appropriate  Air  Force,  and  state  and  federal 
agency  coordination  and  concurrence. 

Using  the  following  format,  the  contractor  shall  prepare  a  decision  document 
for  the  remedial  action  alternative  selected  at  the  following  categories  of  non* 
National  Priorities  List  (NPL)  sites  as  specified  in  section  5.0  of  the  technical 
report. 

•  Category  1  Sites--Sites  and/or  zones  where  no  further  IRP  action 
(including  remedial  action)  is  required. 

•  Category  3  Sites-Sites,  zones  and/or  operable  units  where  the  feasibility 
study  process  has  been  completed  and  a  remedial  action  alternative  has 
been  selected. 

The  format  for  documenting  the  selection  of  a  remedial  action  alternative 
(including  a  No  Further  Action  alternative)  for  an  NPL  site  (i.e.,  the  Record  of 
Decision  [ROD])  will  be  negotiated  by  the  Air  Force  on  a  site-by-site  basis  with 
the  appropriate  regulatory  agencies.  However,  for  the  purpose  of  costing  the 
development  of  a  ROD  for  an  NPL  site,  HSD/YAQ  anticipates  that  the  format  will 
be  very  similar  to  the  Decision  Document  Outline. 


DECISION  DOCUMENT  OUTLINE 
1.0  INTRODUCTION 

1.1  Site  Location  and  Description 

1.1.1  Location,  address  (include  maps,  site  plan  as 
appropriate). 

1.1.2  Area  of  site,  topography,  location  with  respect  to 
floodplains. 

1.1.3  Adjacent  land  uses 
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1.1.4  Location  of  and  distance  to  nearby  populations 

1.1.5  General  surface  and  groundwater  resources 

1.1.6  Surface  and  subsurface  features  (e.g.,  number  and 
volume  of  tanks,  lagoons,  structures,  drums). 

2,0  SITE  HISTORY 

2.1  Describe  Site  History  in  Terms  of: 

2.1.1  How  site  was  established 

2.1.2  Period  of  operation 

2.1.3  History  of  ownership 

2.1.4  Site  uses  over  period  of  operation  (types  of  wastes 
received,  treatment,  storage,  and  disposal  practices). 

2.1.5  Type  of  permits  applied  for  and/or  approved,  identities 
of  permitting  authorities. 

2.1.6  History  of  releases 

2.1.7  Waste  characteristics 
3.0  CURRENT  SITE  STATUS 

3.1  Physiography  and  Climate 

3.2  Soils 

3.2.1  Soil  descripdon 

3.2.2  Soil  contamination 

3.3  Groundwater 

3.3.1  Hydrogeologic  setting 

3.3.2  Groundwater  contamination 
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3.4  Surface  Water 


3.4.1 

Row  rates 

3.4.2 

Contaminant  loads 

Receptors 

3.5.1 

Human 

3.5.2 

Ecological 

4.0  DATA  ANALYSIS/RISK  ASSESSMENT 

4.1  Soils 

4.2  Groundwater 

4.3  Surface  Water 

4.4  Air 

4.5  Summary 

5.0  SELECTED  ACTION 

5.1  Alternatives  Evaluation 

5.1.1  Discuss  all  alternatives  considered  and  reasons  for 
selecting  or  not  selecting  (include  No  Further  Action 
alternatives). 

5.2  Consistency  with  Environmental  Laws 

5.2.1  Discuss  how  a  No  Further  Action  alternative  complies 
with  ARARs. 

6.0  REGULATORY  AGENCY/PUBLIC  INVOLVEMENT 

6.1  Discuss  coordination  with  regulatory  agencies  and  how  their 
concerns  have  been  handled. 
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6.2  Briefly  describe  the  level  of  community  involvement  and  nature  of 
support  or  concern,  and  how  concerns  have  been  addressed. 

6.3  Responses  to  all  public  comments. 
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DECISION  DOCUMENT 
(Signature  Page) 

[FOR  CATEGORY  1  SITES] 

TECHNICAL  DOCUMENT  TO  SUPPORT 
NO  FURTHER  ACTHON 

[FOR  CATEGORY  3  SITES] 

TECHNICAL  DOCUMENT  TO  SUPPORT 
A  REMEDIAL  ACTION  ALTERNATIVE 

I.  Base/Instaliation/Facility 

II.  Name  and  Location 

III.  Statement  of  Basis 

IV.  Description  of  the  Selected  Remedy 

V.  Declaration  of  Consistency  with  CERCLA  as  Amended  by  Superfund 
Amendments  and  Reauthorization  Act  (1986)  (SARA)  and  the  National  Oil  and 
Hazardous  Substances  Pollution  Contingency  Plan  (NCP) 

Signatures 

U.S.  Air  Force 

State  Regulatory  Agency 

U.S.  EPA 
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4.5  IRPIMS  DATA  FILES 


The  contractor,  when  tasked  by  the  SOW,  shall  prepare  and  deliver  IRPIMS 
data  files  per  the  requirements  set  forth  in  the  most  current  version  of  the  IRPIMS 
Data  Loading  Handbook.  The  structured  ASCII  files  that  the  contractor  shall 
deliver  include: 

BCHCON  Contract  Information  File 

BCHLDI  Location  Definition  Information  File 

BCHSLl  Site  and  Location  Information  File 

BCHWCI  Well  Completion  Information  File 

BCHGWD  Groundwater  Level  Data  Hie 

BCHSAMP  Environmental  Sampling  Information  File 

BCHCALC  Calculated  Hydrologic  Parameter  File 

BCHLTD  Lithologic  Description  File 

BCHTEST  Sample  Preparation  Information  File 

BCHRES  Analytical  Results  File 
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APPENDIX  A 


STANDARD  FORMATS  AND  FORMS 


APP.  A 


l^Khnical  Report  Covwr 


(Contractor's  Report  Nuuiber) 

INSTALLATION  RESTORATION  PROGRAM  (IRP) 
STAGE  [1,2,  etc] 

(title  of  report,  RI/FS,  RI,  FS,  etc) 


(Base  and  Address) 

(Contractor' s  Name  and  Address) 

(Date) 

(Type  of  Report)  [Final,  Draft,  etc.]  (period  covered) 


DISTRIBOTION  STATEMENT 
(ONLY  ON  FINAL  CXIPY) 


PREPARED  FOR 

(Major  Command  Civil  Engineer  Address)  e.g. , 
HEADQUARTERS  STRATEGIC  AIR  COMMAND 
(HQ  SAC/DE) 

Offutt  Air  Force  Base,  Nebraska  68113-5001 


AIR  FORCE  CENTER  FOR  ENVIRCMIENTAL  EXCELLQCE 
ENVIROWENTAL  SERVICES  OFFICE 
ENVIRC^^MENTAL  RESTORATION  DIVISIW  (AFCEE/ESR) 
BROOKS  AIR  F(»CE  BASE,  TEXAS  78235-5000 
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IKachnlcal  Itaport  Title  Fag* 


INSTALLATION  RESTC^ATION  PROGRAM  (IRP) 
STAGE  [1,2,  etc] 

(title  of  report,  RI/FS,  RI,  FS,  etc) 

FOR 

(Base  s  Address) 


(Major  Caamand  Civil  Engineer  and  Address) 
(Date) 


PREPARED  BY 

(Contractor's  Name  and  Address) 

USAF  COMIRACr  NO. _ ,  DELIVERY  ORDHl  NO. 

CONTRACTOR  CONTRACT  NO. _ ,  DELIVERY  (3UDER  W. 


DISTRIBUnON  STATEMQJT 
(ONLY  ON  FINAL  COPY) 


ENVIRONMENTAL  RESTORATION  DIVISION 
(Name,  Grade,  Title) 

TECHNICAL  PROJECT  MANAGER 


AIR  F0RC:E  CENTER  FOR  ENVIRONMENTAL  EXCELLENCE 
ENVIROMffiNTAL  SERVICES  OFFICE 
ENVIRONMENTAL  RESTCRATION  DIVISION  (APCEE/ESR) 
BROOKS  AIR  FORCE  BASE,  TEXAS  78235-5000 
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SAMPLE  DISCLAIMER 
FOR  mP  REPORTS 

NOTICE 


This  report  has  been  prepared  for  the  United  States  Air  Force  by _ for 

the  purpose  of  aiding  in  the  implementation  of  a  final  remedial  action  plan  under  the  Air 
Force  Installation  Restoration  Program  (ERP).  As  the  report  relates  to  actual  or  possible 
releases  of  potentially  hazardous  substances,  its  release  prior  to  an  Air  Force  final  decision  on 
remedial  action  may  be  in  the  public's  interest  The  limited  objectives  of  this  report  and  the 
ongoing  nature  of  the  IRP,  along  with  the  evolving  knowledge  of  site  conditions  and 
chemical  effects  on  the  environment  and  health,  must  be  considered  when  evaluating  this 
report,  since  subsequent  facts  may  become  known  which  may  make  this  report  premature  or 
inaccurate.  Acceptance  of  this  report  in  performance  of  the  contract  under  which  it  is 
prepared  does  not  mean  that  the  Air  Force  adopts  the  conclusions,  recommendations,  or  other 
view  expressed  herein,  which  are  those  of  the  contractor  only  and  do  not  necessarily  reflect 
the  official  position  of  the  United  States  Air  Force. 


Government  agencies  and  their  conoactors  registered  with  the  Defense  Technical 
Information  Center  should  direct  requests  for  copies  of  this  report  to:  Defense  Technical 
Information  Center  (DTIC),  Cameron  Station,  Alexandria,  VA  22304-6145. 

Non-Go venunent  agencies  may  purchase  copies  of  this  document  from;  National  Technical 
Information  Service  (NTIS),  5285  Port  Royal  Road.  Springfield,  va  22161. 
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GENERAL  INSTRUCTIONS  FOR  COMPLETING  Sf  298 


The  Report  Documentation  Page  (RDP)  is  used  in  announcing  and  cataloging  reports.  It  is  important 
that  this  information  be  consistent  with  the  rest  of  the  report,  particularly  the  cover  and  title  page 
Instructions  for  filling  in  each  block  of  the  form  follow  It  is  important  to  stay  within  the  lines  to  meet 
optical  scanning  requirements. 


Block  1. 


Blocks.  Report  Date.  Full  publication  date 
including  day,  month,  and  year,  if  available  (e  g.  1 
JanSB).  N*  .St  cite  at  least  the  year. 

Blocks.  Type  of  Report  and  Dates  Covered. 
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Block  4.  Title  and  Subtitle.  A  title  is  taken  from 
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classified  documents  enter  the  title  classification 
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element  number(s),  project  number(s),  task 
number(s),  and  work  unit  number(s).  Use  the 
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Block  8.  Performing  Organization  Report 
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number(s)  assigned  by  the  organization 
performing  the  report. 
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and  Addressfes).  Self-explanatory. 

Block  10.  Soonsorino/Monitoring  Aoenev 
Report  Number.  (If  known) 

Block  11.  Supplementary  Notes.  Enter 
information  not  included  elsewhere  such  as; 
Prepared  in  cooperation  with...;  Trans,  of...;  To  be 
published  in....  When  a  report  is  revised,  include 
a  statement  whether  the  new  report  supersedes 
or  supplements  the  older  report. 


Block  12a.  Distribution/Availability  Statement. 


Denotes  public  availability  or  limitations.  Cite  any 
availability  to  the  public.  Enter  additional 
limitations  or  special  markings  in  all  capitals  (e  g. 
NOFORN,  REL,  ITAR). 


See  DoDD  S230.24,  'Distribution 
Statements  on  Technical 
Documents.' 

See  authorities. 

See  Handbook  NH8  2200  2. 
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NTIS 


Block  12b.  Distribution  Code. 
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NTIS 
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Enter  DOE  distribution  categories 
from  the  Standard  Distribution  for 
Unclassified  Scientific  and  Technical 
Reports. 

Leave  blank. 

Leave  blank. 


Block  13.  Abstract.  Include  a  brief  (Maximum 
200  words)  factual  summary  of  the  most 
significant  information  contained  in  the  report. 

Block  14.  Subject  Terms.  Keywords  or  phrases 
identifying  major  subjects  in  the  report. 

Block  15.  Number  of  Pages.  Enter  the  total 


number  of  pages. 

Block  16.  Price  Code.  Enter  appropriate  price 
code  (NTIS  only). 

Blocks  17.- 19.  SecurityClassifications,  Self- 


explanatory.  Enter  U  S.  Security  Classification  in 
accordance  with  U  S.  Security  Regulations  (i.e., 
UNCLASSIFIED).  If  form  contains  classified 
information,  stamp  classification  on  the  top  and 
bottom  of  the  page. 

Block  20.  Limitation  of  Abstract.  This  block  must 


be  completed  to  assign  a  limitation  to  the 
abstract.  Enter  either  UL  (unlimited)  or  5AR  {same 
as  report).  An  entry  in  this  block  is  necessary  if 
the  abstract  is  to  be  limited  If  blank,  the  abstract 
is  assumed  to  be  unlimited 
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Standard  form  J98  Sack  (Sev  2-89) 


PREFACE 


This  section  should  briefly  describe  the  nanire  of  the  work  covered  in  the  report, 
organization,  people  involved,  and  the  time  period  for  the  report 

a.  Contracting  information  and  purpose  of  report 

b.  Professional  responsibilities  and  roles  (contractor  personnel). 

c.  Acknowledgements. 

d.  Period  of  work  and  Technical  Project  Manager  (e.g..  This  work  was  accomplished 
between  February  1989  and  September  1989.  Captain  Joseph  W.  Finagle,  Installation 
Restoration  Program  Ehvision  [HSD/YACJ],  was  the  Technical  Project  Manager.") 


Approved: 


Name,  Title,  and  Signature 
Contract  Program  Manager  (or  higher) 
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EPA-600/4-79-020 

Methods  for  Chemical  Analysis  of  Water 
and  Wastes  (1983) 

SW-846 

Test  Methods  for  Evaluating  Solid  Waste, 
Third  Edition  (1986),  and  1987  updates. 
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EPA-60(V4-82-029  Handbook  for  Sampling  and  Sample 

Preservation  of  Water  and  Waste  Water, 
1982 

AMERICAN  PUBUC  HEALTH  ASSOCIATION  (APHA),  AMERICAN 
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GENERAL  GUIDANCE  FOR  ECOLOGICAL  RISK  ASSESS^fENT 

AT  AIR  FORCE  BASES 


APP.  C 
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Air  Force  Installations 
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SECTION  1 


INTRODUCTION 


The  Superftind  Amendmeats  and  Reauthofization  Act  of  1986  makes  repeated  reference  to 
protection  of  heaidt  and  the  environment.  As  a  result,  the  Environmental  Protection  Agency  (EPA) 
has  written  guidance  for  the  protection  of  human  health  (Risk  Assessment  Guidance  for  Superfund, 
Volume  /,  Human  Health  Evaluation  Manual,  1989)  and  the  environment  (Risk  Assessment  Guidance 
for  Superfund,  Volume  II,  Environmental  Evaluation  Manual,  1989).  The  amount  of  guidance 
availi^le  for  ecological  risk  assessment  is  less  than  that  for  human  health.  This  document  provides  an 
overview  of  the  fundamentals  of  risk  assessment  and  guidance  for  conducting  an  ecological  risk 
assessment.  Ecological  risk  assessment  can  be  divided  into  two  general  types  based  on  habitats 
(terrestrial  [land]  and  aquatic  [freshwater  and  marine]).  Guidance  is  provided  for  conducting  both 
types  of  risk  assessment. 
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SECTION  2 


FUNDAMENTALS  OF  RISK  ASSESSMENT 


Risk  assessment  characterizes  the  probability  that  exposure  to  hazardous  substances  in  the 
environment  will  {X’oduce  adverse  ejects.  Most  of  the  effort  in  the  development  of  risk  assessment 
methods  has  been  directed  at  human  health  risk  assessment;  however,  the  component  parts  of  the  risk 
assessment  process  for  other  biological  organisms  parallel  those  of  human  health  risk  assessment  and 
can  be  desolbed  in  the  same  terms. 

Risk  assessment  consists  of  four  components.  The  first  component,  hazard  assesaneni,  involves 
identifying  the  presence  of  a  contaminant  tiiat  poteinially  causes  an  adverse  effect.  The  second 
conqxrnent,  dose-response  assessment,  characterizes  the  relationship  between  the  dose  of  the 
hazardous  substance  and  the  incidence  of  the  advert  effect  and  defines  the  concentration  of 
contaminant  that  will  produce  the  adverse  effect.  Generally,  information  relevant  to  these  first  two 
components  is  available  in  the  scientific  literature.  The  third  component,  exposure  assessment, 
measures  or  estimates  the  amount  of  the  contaminant  substance  that  comes  into  contact  with 
receptors.  This  evaluation  considers  field  measurements  of  the  concentration  of  contaminant  in 
various  environmental  media,  the  transport  of  contaminated  media  to  receptors,  atrd  the  duration, 
magnitude,  and  iGrequency  of  receptor  contact.  The  final  componem  of  risk  assessment,  risk 
characterization,  combines  the  information  from  the  preceding  three  tasks  to  (1)  estimate  the 
likelihood  that  the  measured  concentrations  of  the  hazardous  substance  will  cause  the  adverse  effect 
and  (2)  discuss  the  uncertainties  associated  with  the  risk  estimates. 

The  quantitative  assessment  of  risk  is  fraught  with  uncertainty  due  to  the  inability  of  the  risk 
assessor  to  quantify  all  the  information  that  must  be  used.  While  the  concentration  of  each 
contaminant  in  sampled  media  can  be  measured  with  relative  accuracy,  the  exposure  concentration  at 
the  pomt  of  contact  with  a  receptor  is  generally  mt  measured  and  roust  be  estimated  by  envirtmmental 
transport  modelling  techniques.  These  models  estimate  exposure  concentrations  through  the  use  of 
assumptions  concerning  physical  characteristics  of  the  media  and  the  environmental  behavior  of  the 
contaminants  in  the  media.  The  unpredictable  nature  of  receptor  behavior  that  leads  to  (or  avoids) 
exposure  contributes  to  uncertainty  in  defining  die  magnitude,  frequency,  and  duration  of  exposure. 

In  addition,  most  toxicity  data  are  gathered  from  experiments  that  were  conducted  in  laboratory 
animals  using  dosej  that  greatly  exceed  anticipated  environmental  exposures.  Thus  the  expected 
inddence  of  a  harmful  effect  at  low  doses  must  be  based  on  observations  at  high  doses.  In  addition, 
the  expected  hannful  effects  in  one  species  (the  receptor)  often  must  be  based  on  observations  in 
anodin  specie  (often  a  laboratory  species).  These  extrapolations  and  assumptions  are  major  sources 
of  uncertainty  in  the  risk  assessment  process. 

From  this  brief  description  it  is  clear  that  the  goal  of  risk  assessment  is  to  determine  udiether  a 
problem  exists  and,  if  so,  the  magnitude  of  the  problem.  Activities  associated  with  deciding  whether 
the  mitigation  of  the  problem  through  remedial  actions  is  warranted  or  selecting  the  appropriate 
remedial  alternative  are  considered  to  be  risk  management  activities  and  are  distinct  from  risk 
assessment. 
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SECTION  3 


ECOLOGICAL  RISK  ASSESSMENT 


3.1  INTRODUCTION 

Ecology  is  the  study  of  the  interactions  among  populations  of  organisms  occupying  the  same  or 
adjacent  habitats.  Estimates  of  risk  to  organisms  other  than  humans  fall  within  the  purview  of 
ecological  risk  assessment.  Ideally,  ecological  risk  assessment  would  estimate  the  potential  for 
occurrence  of  adverse  effects  that  are  manifested  as  changes  in  the  diversity,  health,  and  behavior  of 
the  constellation  of  curganisms  that  share  a  given  environment  over  time.  MITRE  suggests  that  this 
could  be  accomplished  by  (1)  estimating  the  health  risk  to  individual  species,  (2)  evaluating  the  health 
of  the  community  of  exposed  species  (taking  population  dynamics  into  account),  and  (3)  dctennining 
the  potential  adverse  effects  of  contamination  over  several  life  cycles  of  the  species  under  study. 

These  three  phases  of  ecological  risk  assessment  are  described  in  the  following  paragraphs. 

3J  PHASE  I:  ECOLOGICAL  QUOTIENTS 

An  ecological  risk  assessment  (ERA)  should  be  performed  on  an  ongoing  basis  starting  in  the 
earliest  stages  of  the  Installation  Restoration  Program.  The  individual  steps  performed  during  the 
ERA  may  be  iterative.  For  example,  risk  characterization  should  be  updated  and  refined  throughout 
the  ERA  process  as  new  Information  becomes  available.  Ecological  areas  included  in  the  ERA  should 
not  be  limited  by  die  property  boundaries  of  the  study  area  if  affected  environments  or  habitats  ate 
located  beyond  the  pixiperty  boundaries.  The  follomng  steps  provide  general  guidance  for  die 
performance  of  an  ERA.  Although  the  steps  are  listed  in  sequential  wder,  several  steps  may  be 
performed  simultaneously. 

1.  Assemble  all  data  that  may  be  relevant  to  die  ERA  of  the  study  area,  including  historical 
information.  Identify  all  ecological  contaminants,  locate  ail  sources  and  contaminated 
media  for  each  site  (include  maps),  and  estimate  source  size  and  volume.  (Quantify  the 
contamination  to  the  extent  possible  through  concentration  data  for  each  relevant  medium. 
Ensure  J^at  all  analytical  data  are  accurate  and  defensible. 

2.  Identify  contaminants  of  concern  by  determining  the  ecological  toxicity,  enviroiunental 
persistence,  and  bioaccumulation  potential  of  all  contaminants  and,  where  ^^)roprlate, 
synergism  between  toxicants.  Published  research  and  ecological  toxicity  dat^ases  should 
be  consulted  first.  Where  published  toxicity  data  are  inadequate,  bioassays  of  indicator 
species  may  be  necessary.  A  qualified  professional  should  be  consulted  before  making  the 
decision  to  conduct  laboratory  or  field  toxici^  tests. 
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3.  Establish  background  (ambient)  concentrations  of  all  ecological  contaminants  found  at  the 
study  area.  Background  concentrations  of  (»ntaminants  should  be  determined  from  sanq>Ies 
collected  at  the  same  tinae  and  from  the  same  media  as  the  contaminated  samples,  but  from 
neart>y  locations  with  similar  {^ysiograj^y. 

4.  Develop  a  conceptual  model  of  the  sites  tiiat  identifies  the  $ource(s)  of  contamination,  the 
likely  o^gration  pathways,  and  the  extent  of  migration  based  on  information  sudi  as 
topography,  hydrology,  geology,  and  geochemistry  of  the  area  and  the  physical  properties  of 
the  contaminants  (e.g.,  volatility,  water  solubility). 

5.  Identify  and  locate  habiuts  and  environments  (both  terrestrial  and  aquatic)  on  or 
surrounding  the  study  area  (include  maps).  Confer  with  local,  state,  and  Federal  Natural 
Resource  Trustees  to  assist  in  establishing  whether  any  of  the  areas  identified  above  qualify 
as  critical  habitats  or  sensitive  environments  and  to  determine  the  identity  of  any  important 
or  endangered  species  that  may  inhabit  or  migrate  through  the  study  area.  Identify  the 
recreational  and  commercial  uses  of  all  ecological  resources  (e.g.,  surface  water  bodies)  in 
or  near  the  study  area. 

6.  Conduct  a  field  survey  to  check  the  validiQ^  of  all  ecological  data,  to  select  indicator  species 
or  habitats  where  applicable,  and  to  verify  the  appropriateness  of  the  conceptual  site  model. 
Locate  all  surface  water  bodies  (including  intermittent  water  bodies  and  drainage  pathways). 

7.  Bmed  on  the  results  of  the  ERA  to  this  point,  identify  any  additional  environmental  data  that 
will  be  needed  to  assess  ecological  risk  to  the  study  area.  Han  and  conthict  sampling  and 
analyses  (including  background  samples),  where  appropriate,  to  provide  missing 
information. 

8.  Establish  r^opriate  assessment  enc^ints  (e.g.,  toxic  effects  in  target  species)  for  all 
ecological  contaminants  of  concern.  Determine  the  effective  dose  of  each  contaminant  of 
concern  (i.e.,  the  concentration  that  produces  the  assessment  endpoint  in  the  target  species). 
Where  data  for  a  specific  species  or  endpoint  are  unavailable,  other  toxicity  data  (e.g., 
LCjQor  LOEL)^  may  be  u^  to  derive  a  surrogate  for  effective  concentration.  For 
example,  EPA  ambient  water  quality  criteria  or  otiier  NOEL-type  data  may  be  used. 
However,  the  distinction  between  the  concepts  of  effective  concentration  (one  tiiat  produces 
an  e^t,  LC^q)  and  a  "safe"  concentration  (one  that  will  not  produce  an  effect,  NOEL)^ 
should  be  considered  in  the  interpretation  of  the  assessment  results. 


^  LCjQis  the  concentration  of  contaminant  which  produces  death  to  50  percent  of  the  test  animals. 

LO^  is  ttie  "lowest  observed  effect  level." 

^  NOEL  is  "no  observed  effect  level." 
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9.  Characterize  exposure  (present  and  future  potential)  based  on  environmental  fate  and 
transport  of  contaminants  as  predicted  by  the  physical  model  developed  above  and 
ecological  food  chain  considerations,  including  bioaccumulation  potential.  Determiiu  the 
magnitude  and  frequency  of  exposure  for  each  indicator  species/habitat.  Consider  the 
effects  of  seasonal  variations  on  the  exposure  scenario.  Exposure  characterization  may 
require  sami^ng  and  analysis  of  biota  (tissue  analysis)  for  contaminants.  Computer  models 
of  fate  and  transport  may  be  needed  to  predict  future  exposures. 

10.  Develop  an  ecological  risk  characterization  (ERC)  for  indicator  species/habitats  for  each 
ecological  contaminant  of  coiKem.  Include  a  discussion  of  the  level  of  confidence, 
assumptions,  and  uncertainties  for  each  ERC.  Where  critical/endangeied  h^itats  and 
sensitive  environments  are  being  characterized,  the  accq>table  risk  will  be  lower  than  for  the 
general  ecological  community.  The  ERC  should  be  quantitative,  whenever  possible.  This 
can  be  most  easily  accomplished  by  using  the  ecological  quotient  method.  The  formula  for 
the  ecological  quotient  follows: 

Ecological  _  f  observed  contaminant  concentration  1 
Quotient  { effective  concentration  or  surrogate } 

When  appropriate  dose-response  data  are  available,  they  should  be  included  in  the 
assessment  When  NOEL-type  values  are  used  as  a  surrogate  for  effective  concentrafion, 
the  quotient  will  have  a  significantly  m<^e  conservative  meaning  as  an  indicator  of  risk. 
Both  current  and  future  risk  (based  on  fate  and  transport  modelling  data  or  anticipated  future 
activities)  should  be  included. 

1 1 .  Address  the  impacts  of  human  activities  on  the  environment  at  the  study  area.  This  should 
include  any  ongoing  or  {uoposed  rmnediation  (whether  undertaken  for  human  health, 
ecological,  or  aesthetic  reasons)  that  may  affect  the  ecological  resources  at  or  near  the  study 
area. 

This  approach  quantitates  the  potential  for  risk  to  individual  species  independent  of  the 
interactions  among  species.  It  is  limited  by  the  number  of  species  considered  and  the  availability  of 
information  on  the  toxicity  of  the  contaminants.  Ihe  potential  for  adverse  effects  to  the  entire 
ecological  community  Is  inferred  from  information  derived  from  a  subset  of  the  extant  species  in  the 
community  or  from  surrogate  species. 

3,3  PHASE  II:  BIOLOGICAL  DIVERSITY 

The  health  of  the  ecological  community  at  a  site  can  be  measured  by  determining  the  biological 
diversity  of  the  area  affected  by  contamination  compared  to  the  biological  diversity  of  a  nearby 
similar  but  unaffected  area.  The  results  of  a  biological  diversity  analysis  can  be  used  to  bolster  the 
findings  of  the  ecological  quotient-based  risk  assessmenL  The  biolo^cal  diversity  type  of  assessment 


is  similar  in  design  and  approach  to  human  epidemiology  studies.  It  is  retrospective  rather  than 
predictive.  When  quantitative  risk  estimates  are  available,  conclusions  from  a  biological  diversity 
analysis  can  be  coi^nnatory  and  can  be  carried  out  as  a  second  phase  of  the  ecological  risk 
assessnmnt  as  discussed  below. 

Analysis  of  the  biological  diversity  of  a  given  region  must  be  preceded  by  careful  definition  of  ( I ) 
the  boundaries  of  the  territory  to  be  studied  and  (2)  the  period  of  time  during  which  the  community 
will  be  measured.  For  the  purpose  of  an  ecological  assessment,  an  equally  important  consideration  is 
the  identification  of  a  nearby  control  area  that  is  not  contaminated  but  that  exhibits  nearly  identical 
I^ysiograi^c.  topological,  and  climatic  characteristics.  The  biological  diversity  analysis  can  take  the 
form  of  a  complete  census  in  which  all  extant  species  are  identified  and  the  total  numbers  of 
individuals  of  eadi  species  are  counted.  The  number  of  different  species  identified  (species 
"richness”)  and  the  total  number  of  individuals  in  each  species  (species  ’  evenness")  taken  together 
provicte  an  indication  of  biological  diversity  for  the  community  in  question.  Comparison  of  die 
measurements  made  at  the  control  and  contaminated  sites  can  provide  a  qualitative  measure  of  the 
ecological  similarity  between  the  two  sites.  Interpretation  of  the  significance  of  differences  in 
measurements  between  the  sites  is  not  always  straightforward.  When  a  large  number  of  species  is 
present,  the  analysis  becomes  excessively  complex.  The  populations  within  ecological  communities 
are  dytuimic;  under  normal  conditions,  changes  in  their  distribution  are  expected  to  occur  from  time  to 
time.  For  this  reason,  the  detection  of  change  by  itself  does  not  necessarily  mean  that  contamirtants 
are  exerting  biological  effects.  If  a  difference  from  background  is  detected,  and  if  the  ecological 
quotient  is  equal  to  or  greater  than  unity,  a  change  in  divmity  strengthens  the  confidence  that  can  be 
traced  in  the  quantitative  risk  assessment  Similarly,  no  change  in  biological  diversity  coupled  with 
an  ecological  quotient  that  is  less  than  unity  bolsters  the  conclusion  that  the  contamination  is  iK>t 
exerting  an  adverse  effect 

The  suggested,  practical  alternative  to  a  complete  census  Is  to  monitor  the  distribution  of  selected 
species.  WhUe  fiiis  aj^oach  ignores  some  species  within  a  territory,  it  is  more  incisive  because 
(1)  die  resulting  analysis  will  lead  to  a  more  clear-cut  result  due  to  the  smaller  number  of  species 
which  one  must  track  and  the  reduced  possibility  of  (xtnfounding  effects  due  to  species  interactions 
and  (2)  with  careful  selection  of  the  species  to  be  monitored,  any  changes  from  background  should  be 
relatively  easy  to  interpret  Selected  species  should  include  any  endangered  or  declining  species, 
species  whose  abundance  or  other  characteristics  contribute  to  die  perceived  value  of  a  region  (e.g., 
sequoias  in  California  redwood  forests;  species  of  commercial  or  recreational  importance),  and  a  suite 
of  species  whose  status  reflects  the  general  health  of  the  community.  In  general,  the  selected  species 
will  include  those  species  for  which  ecological  quotients  were  calculated  in  phase  I.  The  predicdons 
of  the  i^des-speclfic  ecological  quotients  can  be  confirmed  by  direct  observation  of  the  number  and 
health  of  that  species.  In  addition,  the  health  of  selected  species  for  which  no  ecological  quotients  are 
available  will  confirm  or  contradict  the  general  potential  for  ecological  damage  indicated  by  the  full 
range  of  calculated  ecological  quotients.  Effects  not  anticipated  in  the  ecological  quotients  calculated 
in  {diase  I  may  become  apparent  in  phase  II.  If  the  results  of  the  two  (^ases  disagree,  further 
investigation  may  be  required  as  described  in  phase  III. 
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3.4  PHASE  III:  POPULATION  STUDIES 


In  the  event  that  there  is  either  an  apparent  decline  in  population  size  of  a  species  that  is  deemed 
important  in  the  presence  of  a  low  ecological  quotient  or  no  apparent  effect  on  population  size  in  the 
presence  of  a  high  ecological  quotient  (predicted  effea).  a  more  detailed  study  may  be  rerpiired.  This 
may  take  the  form  of  a  popultUion  study  (for  organisms  with  a  relatively  short  life  span). 

Population  studies  involve  taking  a  census  of  the  number  of  individuals  in  each  life  stage  for 
seleaed  species  at  several  time  points  over  the  course  of  one  to  several  life  cycles  or  seasons.  These 
studies  can  be  expanded  by  including  observations  of  the  health  or  intoxication  of  individuals  at 
different  life  stages  for  each  time  interval.  The  temporal  aspect  of  the  study  design  is  likely  to 
provide  insight  into  any  age-related  or  life-stage-specific  sensitivities  of  the  organism  in  question. 
This  type  of  study  is  analogous  to  prospective  epidemiology  smdies.  Confounding  factors  that  may 
affect  the  interpretation  of  the  analysis  include  unusual  extremes  of  climate  such  as  drought,  heat 
waves,  excessive  rain  or  flooding,  or  untimely  frost,  that  could  cause  deviations  from  the  expected 
numbers  of  individuals.  The  confounding  faaors  can  affect  the  species  under  study  directly  (e.g., 
temperature  affecting  hatching  rate,  floods  that  drown  larvae)  or  indirectly  (e.g.,  die-offs  of  prey, 
increased  or  decreased  presence  of  predators). 

3.5  UNCERTAINTIES 

Assessment  of  ecological  risks  possesses  other  dimensions  compared  to  human  health  risk 
assessment  diat  add  further  uncertainty  to  the  assessment.  Not  only  are  multiple  species  involved, 
each  of  which  may  be  subject  to  overt,  as  well  as  insidious,  toxicological  effects  caused  by 
contaminants,  but  also  interactions  among  the  species  at  the  assessment  site  could  potentially  be 
perturbed,  thereby  adversely  affecting  the  health  of  the  ecosystem  as  a  whole.  Among  die  subtle 
adverse  effects  that  may  not  be  discovered  by  traditional  toxicity  testing  are  seemingly  ntinor 
physiological  and/or  behavioral  changes  that  may  result  in  reduced  fecundity,  altered  rates  of 
maturation  of  individuals  leading  to  a  decrease  in  the  number  of  adults  available  for  mating,  any 
changes  that  may  affect  the  ability  of  the  species  in  question  to  compete  for  food  or  to  avoid 
predation,  or  avoidance  of  certain  contaminants  resulting  in  emigration. 
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SECTION  4 


Sra;ClAL  CONSIDERATIONS  IN  TERRESTRIAL  RISK  ASSESSMENT 


4.1  INTRODUCTION 

When  assessing  the  impacts  of  any  agent  on  an  ecosystem,  the  ecosystem  itself  can  be  described 
acoH'ding  to  climatic,  geological,  and  topographical  characteristics.  Among  the  most  obvious 
divisions  of  ecosystems  is  the  separation  on  die  basis  of  terrestrial  O^nd)  versus  aquatic  (heshwater 
and  marine)  habitats.  While  both  general  types  of  ecosystem  are  important,  considerably  nmre 
ecotoxicologlcal  information  exists  for  aquatic  systems  than  for  terrestrial  ecosystems  (Bordeau  et  al., 
1990).  Hie  purpose  of  the  remaining  portion  of  the  present  document  is  to  highlight  and  expand  the 
considersuion  of  those  steps  in  an  ecological  risk  assessment  for  terrestrial  areas  that  require  special 
emphasis  and  to  explain  the  importance  of  key  concepts  in  ecological  risk  assessment. 

4.2  ENVIRONMENTAL  TRANSPORT  MEDIA  OF  INTEREST 

For  ecological  risk  assessments,  the  environmental  transport  media  of  greatest  interest  are  surface 
water  and  soil  because  diese  are  the  media  that  are  most  firequently  in  contact  with  the  organisms  of 
concern.  While  surface  water  is  of  primary  interest  to  aquatic  ecosystems,  terrestrial  ecosystems 
involve  both  soil  and  surface  water.  The  reason  that  both  media  are  of  concern  in  terrestrial 
assessment  is  because  many  terrestrial  receptors  contact  surface  water  bodies  for  sudt  reasons  as 
drinking,  development  through  some  of  the  life  stages  (e.g.,  tadpole  stage  of  frogs  and  toads,  larval 
stage  of  dragonflies),  and  living  in  or  near  the  water  (e.g.,  beaver,  muskrat,  some  snalms). 
Consequently,  areas  of  contaminated  soil  and  territrxries  near  contaminated  surface  water  bodies  as 
well  as  near  contaminated  soils  are  likely  to  require  terrestrial  risk  assessment.  In  addition,  certain 
types  of  terrestiial  envirorunents  are  likely  to  be  affected  by  contaminated  air.  While,  in  general,  the 
concentrations  of  contaminants  found  in  the  air  pathway  do  not  pose  a  great  risk  to  animal  qiecies, 
forests  arjd  lichen  can  be  exquisitely  sensitive  to  airborne  contamination  (Grodzinski  and  Yorks, 

1981;  Bourdeau  et  al.,  1990).  Thus,  when  terrestrial  ecological  assessments  are  conducted  at  or  near 
forested  areas,  the  air  may  be  an  important  environmental  transport  medium  for  certain  classes  of 
receptors. 

4J  ASSESSMENT  ENDPOINTS 

Depending  upon  the  dose  of  a  given  substance,  a  spectrum  of  undesirable  effects  may  be  observed 
that  ranges  from  relatively  benign  effects  ^  lower  doses  (e.g.,  dryness  of  the  mouth)  to  serious  or  life 
threatening  effects  at  higher  doses  (e.g.,  cardiac  arrhythmia).  Consequently,  the  dose  of  a 
contaminant  to  a  given  receptor  that  causes  a  relatively  minor,  reversible  toxic  effect  (e.g.,  shaking 
and  listlessness)  is  likely  to  be  much  lower  than  the  dose  of  the  same  substance  that  is  lethal  in  the 
same  species.  Since  effective  concentrations  may  be  reported  and  listed  in  dattmases  for  several 
adverse  effects  of  a  substance,  care  must  be  taken  to  ensure  that  the  endpoint  selected  for  use  in 
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e<X)]ogica]  risk  assessment  is  one  that  is  biologically  relevant  for  potential  ecological  damage. 
Examples  of  biologically  relevant  endpoints  include  death,  growth,  fecundity,  and  overt  signs  of 
toxidty  (Suter,  1990). 

4.4  EFFECTIVE  CONCENTRATIONS 

Effective  concentrations  are  determined  under  controlled  conditions  in  labcKatory  toxicity  tests 
that  examine  specific  endpoints.  Many  of  these  rue  available  in  the  scientific  literature  or  in 
databases.  Thus,  there  is  a  source  of  effective  oincentrations  f<»  many  substances  in  a  variety  of 
species.  However,  the  ^cies  of  test  organism  in  whidi  the  effective  concentrations  were  measured 
must  be  noted.  Differences  in  sensitivity  to  hazardous  substances  among  species  of  organisms  are 
well  known  as  confounding  factors  in  risk  assessment  In  addition  to  species  differences,  pronounced 
variation  in  re^nse  to  hazardous  substances  has  been  reported  for  laboratory  and  feral  test 
organisms  of  the  same  species  and  for  laboratory  organisms  that  are  exposed  in  the  field  and  feral 
organisms  that  are  used  in  the  laboratory  (Schaeffer  and  Beasley,  1989).  These  facts  must  be 
considered  as  a  possible  explanation  for  cases  when  the  ecological  quotient  predictions  calculated  in 
(4iase  I  do  not  agree  with  the  field  observations  made  in  phases  n  tu'  III. 

4.5  RECEPTOR  MOBILITY 

An  important  characteristic  of  ecological  receptors  that  diould  be  considered  in  eiqwsure 
assessment  is  their  mobility  relative  to  the  area  of  contamination.  The  mobility  of  a  receptor  can  be 
indexed  to  the  average  foraging  range  of  a  typical  member  of  the  ^^edes  under  consideration.  Adult 
plants  (by  definition),  soil  organisms,  and  most  fligluless  invertebrates  can  be  considered  to  be 
stationary  due  to  the  small  area  within  which  diey  live  their  lives.  Small  vmtebrates  (including 
amidilbians,  reptiles,  many  terrestrial  and  some  volant  avian  species,  and  small  arboreal  and 
burrowing  mammals)  constitute  a  category  of  mobile  receptors  whose  foraging  area  is  likely  to  be  up 
to  several  acres.  A  final  group  of  transient  receptors  is  made  up  of  larger  vertebrates  including 
grazing  species  (e.g.,  deer,  moose,  cattle),  predators  (e.g.,  coyote,  wolf,  fox,  bear),  most  volant  birds, 
and  raptors  (e.g.,  hawk,  eagle,  falcon).  The  foraging  areas  of  transient  species  are  likely  to  be  several 
square  miles. 

4.6  EXPOSURE  CONCENTRATION  AT  RECEPTORS 

The  exposure  concentration  of  the  site  contaminants  in  environmental  transport  media  should  be 
measured  at  or  near  the  presumed  point  of  contaa  with  receptors  or  estimated  from  modelling  of 
contaminant  migration.  When  there  is  insufficient  information  about  contaminant  uptake  and 
absorption  efficiencies  of  receptors,  this  measured  value  is  used  to  estimate  dose.  Odier  factors  that 
must  be  considered  in  the  estimation  of  dose  to  receptors  include  the  duration  of  the  exposure  and  the 
frequency  with  which  the  receptor  comes  into  contact  with  the  contaminant.  Duration  of  exposure 
can  be  affected  by  the  environmental  removal  of  contaminants  (e.g.,  through  decomposition  by  photo¬ 
oxidation  or  bacterial  degradation,  or  through  leaching  and  eventual  transport  to  another  location).  In 
the  event  that  the  contaminant  is  stable  in  the  environment,  as  is  frequently  the  case,  tlto  dose  estimate 
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will  only  be  affected  by  the  frequency  of  contact  that  the  receptcx^  has  with  the  contaminated  media. 
Frequency  of  contact  can  be  related  to  receptor  mobility  because  both  direct  contact  with  the 
contaminated  media  and  ingestion  thereof  can  be  directly  related  to  the  amount  of  time  the  receptor 
remains  in  the  contaminated  area. 

4.7  TERRESTRIAL  ECOLOGICAL  QUOTIENT 

The  sizes  of  the  foraging  ranges  vary  consider^ly  among  terrestrial  receptors,  as  discussed 
above.  Tbe  calculation  of  ecological  quotients  for  terrestrial  receptors  should  be  noodified  to  account 
for  the  effea  of  receptor  mobility  on  the  frequency  and  duration  of  contact  with  contaminated  media. 
When  the  foraging  area  exceeds  the  area  of  contamination,  a  correction  factor  that  accounts  for  less 
than  full-time  exposure  is  required.  MITRE  suggests  that  the  fractional  exposure  be  calculated  as  the 
ratio  of  tiie  contaminated  area  to  foraging  area  and  be  designated  the  mobility  factor,  6.  The  value  of 
@  will  range  such  that  1  >  @  >  0.  When  applicable,  the  mobility  factor  would  appear  in  tiie  formula 
for  a  terrestrial  ecological  quotient  as  follows; 

EQ(gj  =  Q  texoosure  concentration) 

effective  concentration  or  surrogate 
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APPENDIX 


TERRESTRIAL  TOXICTTY  TEST  METHODS 


A.l  INTRODUCTION 

Terrestrial  toxicity  test  methods  for  contaminants  at  hazardous  waste  sites  are  less  developed  than 
aquatic  toxicity  test  methods.  However,  there  are  a  group  of  terrestrial  test  methods  dtat  are  off-the- 
shelf  techniques  and  are  widely  used.  The  toxic’ty  tests  discussed  below  are  from  this  group  and  fall 
into  two  broad  categories.  These  categories  are  microbial  toxicity  tests  and  single  species  bioassays. 
Exan4>les  of  each  category  are  briefly  described  in  the  following  paragra^dts  along  with  advantages 
and  limitations.  Additional  information  regarding  ecological  (aquatic  and  terrestrial)  test  methods  can 
be  ;dund  in  Ecological  Assessment  of  Hazardous  Waste  Sites,  a  Field  and  Laboratory  Reference 
(1989)  and  Review  of  Ecological  Risk  Assessment  Methods  (1988). 

MICROBIAL  TOXICITY  TEST  METHODS 

The  principle  behind  microbial  toxicity  testing  is  that  stress  to  a  microbial  conununity  earned  by  a 
contaminant  can  be  measured  indirectly  by  observing  changes  (i.e.,  adenosine  triphosphate  [ATP] 
content  or  the  bioluminescence)  in  the  characteristics  of  miaobes. 

ATP  is  found  in  all  living  cells.  The  fact  dial  ATP  is  rapidly  destroyed  after  cell  death  makes  it 
ideal  for  distinguishing  between  living  and  dead  cells.  The  basic  assay  of  ATP  consists  of  measuring 
the  light  emission  following  die  reaction  of  firefly  luciferin  with  ATP  in  the  [x-esence  of  luciferase  and 
Mg2+.  An  example  of  the  ATP  assay  is  the  ATP-TOX  system  test.  Growth  inhibition  usually  occurs 
when  rapidly  growing  bacterial  cells  are  exposed  to  toxicants.  After  several  life  cycles,  the  toxic 
effects  can  be  estimated  by  comparing  sanqile  cell  growth  to  a  control  by  measuring  the  ATP  content. 

Bioluminescence  assays  are  based  on  the  sensitivity  (inhibition)  of  bioluminescent  bacteria  to 
toxicants.  An  example  of  bioluminescence  assay  is  Microtox  (marketed  by  Microbics  Corporation). 
Pure  Microtox  reagent  (living  bacteria)  emits  light.  When  toxic  material  is  added  to  the  reagent,  the 
light  output  drops.  The  high^  the  concentration  of  toxicant,  the  greater  the  light  loss.  The  Microtox 
instrument  measures  the  light  level  before  and  after  a  sample  of  unknown  toxicitv  is  added  to  the 
reagent  The  amount  of  decrease  in  the  light  level  determines  the  toxicity  of  the  sample. 
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Advantages 


Limitations 


Quick  and  inexpensive.^ 

Easy  to  use. 

Can  be  taken  to  the  field-useful  as  a 
screening  tool. 


Difficult  to  extrapolate  results  for 
bacteria  to  species  of  concern, 
communities,  or  populations. 

May  not  be  sensitive  to  all  waste  site 
contaminants. 

NaC  1  may  affect  the  toxicity  of  heavy 
metals. 


A  J  SINGLE  SPECIES  BIOASSAYS 

Single  species  bioassays  are.  for  the  most  part,  short-term  tests  that  assess  the  acute  toxicity  of 
contaminated  soils  or  sediments.  These  tests  inciucte  earthworm  tests,  seed  germination  tests,  root 
elongation  tests.  Insect  body  burden  tests,  and  avian  toxicity  tests.  The  first  three  single  species 
bioassays  will  be  discussed  in  the  following  paragraphs.. 

Earthworms  inwove  soil  aeration  and  drainage  within  terrestrial  enviroiunents  and  are 
considered  refxesentative  soil  macroinvertebrates.  An  example  of  an  earthworm  test  is  the  Eisenia 
foetida  earthworm  14-day  soil  acute  toxicity  test  Eisenia  foetida  is  us«l  in  these  tests  because  it  is 
easily  cultured  in  the  laboratory,  reaches  maturity  in  7  to  8  weeks,  and  is  responsive  to  a  wide  range 
of  toxicants.  Test  soil  concentrations  include  a  range  of  site  soil  or  sediment  concentrations,  such  as 
90  percent,  60  percent,  30  percent,  10  percent,  2  percent,  and  0  percent  (control  sample).  Once 
exposure  systems  are  prepared  and  the  sample  has  been  saeened  through  a  1 /4-inch  soil  sieve,  ten 
adult  earthworms  are  added  to  three  replicate  chambers  and  incubated  at  20  -*•/-  2®C  for  14  days. 
Temperature  and  humidity  are  controlled.  Mortality  is  noted,  and  appropriate  statistical  techniques 
are  tqjplied  to  derive  the  LC^q.  The  higher  the  number  of  earthworms  tested,  the  greater  the 
sensitivity  of  the  test. 


Seed  germination  tests  measure  the  effects  of  hazardous  wastes  on  a  critical  stage  in  the 
developmental  biology  of  plants.  A  variety  of  test  species  have  been  used;  an  example,  lettuce 
Lcctuca  saliva,  will  be  further  discussed.  The  test  procedure  involves  grading  the  seeds  aiKi  pret^ing 
exposure  systems  using  petti  dish  bottoms  and  plastic  bags.  As  in  the  example  of  earthworms,  a 
range  of  test  soil  concentrations  is  tested.  Test  soils  are  placed  in  the  petri  dishes,  aruJ  40  seeds  are 
planted  per  dish.  After  seeding,  1 6-mesh  silica  sand  is  layered  over  the  seeds,  and  the  petri  dish  is 
irrigated  to  85  percent  water  holding  capacity.  The  petri  dish  is  then  placed  upright  in  a  plastic  bag 
and  sealed,  leaving  as  much  air  space  as  possible  inside.  The  sealed  bags  arc  placed  in  a  growth 
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Less  than  1/2  hour  and  approximately  $10  per  sample. 
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chamber  for  120  hours  at  24  +/-  2°C.  The  first  48  hours  ate  compieied  in  total  darkness  and  the 
balance  16:8  hours  light-d^.  After  120  hours,  the  number  of  seeds  that  have  germinated  in  each  dish 
is  determined.  The  LC5Q  is  derived  fonn  statistical  analysis  on  the  count  data. 

Ro(K  elongation  is  an  important  early  developmental  event  in  the  growth  and  survival  of  {^ants. 
Unlike  seed  germination  tests,  the  root  elongation  test  evaluates  only  the  water  soluble  constituents  of 
a  sample.  As  a  general  rule,  root  elongation  is  more  sensitive  than  seed  germination.  This  test  may 
be  done  with  a  number  of  economically  important  species  that  germinate  and  grow  rapdly.  The  test 
is  done  with  graded  seeds,  which  are  placed  in  petri  dishes.  A  logarithmic  series  of  test 
concentrations  plus  control  samples  is  prepared  and  added  to  filter  paper-lined  petri  dish  bottoms. 

The  test  solutions  are  absorbed  by  the  filter  paper  in  each  petri  dish.  The  seeds  are  placed  on  the  filler 
papers  and  incubated  in  the  darkened,  humid  container  at  24  +/-  2°C  for  120  hours.  At  the  end  of  the 
test,  root  length  is  measured,  and  an  estimate  of  the  is  calculated. 

Advantages  Limitations 


Provides  data  on  specific  species  and 
contaminants  at  the  site. 

Results  are  specific  to  the  location  of 
the  sample  hence  they  can  be  used  to 
extent  and  distribution  of 
bioavailable  contamination. 

Acute  toxicity  tests  are  quick,  easy, 
and  inexpensive  to  conduct  when 
compared  to  chronic  testing. 


Can  not  be  used  to  evaluate  toxicity 
on  a  community  or  population  level. 

Exposure  conditions  are  not  directly 
comparable  to  field  exposmes. 


Acute  tests  are  less  sensitive 
measures  of  toxicity  when  compared 
to  chronic  tests. 
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APPENDIX  E 


LIST  OF  ACRONYMNS 


AFP.  E 


APHA 

API 

ARAR 

ASTM 

Ascn 

ATSDR 

AWWA 

CERCLA 

CFR 

CLP 

CRP 

deg  C 

EC 

EPA 

ERC 

FS 

FSP 

GC/MS 

HHEM 

HNu 

HPLC 

HSD 

HSD/YAQ 

HSP 

ICP 

IRIS 

IRP 

IRPIMS 

rim 

LC50 

LOEL 

MCL 

NAAQS 

NCP 

NEIC 

NIOSH 

NPL 

NOEL 

NTU 


ACRONYMNS 


American  Public  Health  Association 

American  Petroleum  Institute 

Applicable  or  Relevant  and  Appropriate  Requirements 

American  Society  for  Testing  and  Materials 

American  Standiud  Code  Information  Interchange 

Agency  for  Toxic  Substances  and  Disease  Registry 

American  Water  Works  Association 

Comprehensive  Environmental  Response,  Compensation,  and 

LtabiUty  Act  of  1980  {PL-96-510)  -  SUPERFUND 

Code  of  Federal  Regulations 

Contract  Laboratory  Pro^am 

Community  Relations  Plan  (or  Profile) 

Degree  Centigrade  or  Celsius 
Electrical  Conductivity 
Environmental  Protection  Agency 
Ecological  Risk  Characterization 
Feasibility  Study 
Field  Sampling  Plan 
Gas  Chromatography/Mass  Spectroscopy 
Human  Health  Evaluation  Manual 
Photoionization  Detector  (trade  name) 

High  Pressure  Liquid  Chromatograph 
Human  Systems  Division 
Installation  Restoration  Program  Division 
Health  and  Safety  Plan 
Inductively  Coupled  Plasma 
Integrated  Risk  Information  System 
Installation  Restoration  Program 

Installation  Restcxation  Program  Information  Management  System 

Informal  Technical  Information  Report 

Lethal  Concentration,  50  percent 

Lowest  Observed  Effect  I^vel 

Maximum  Contaminant  Level 

National  Ambient  Air  Quality  Standards 

National  Oil  and  Hazardous  Substances  Pollution  Contingency  Plan 
(40  CFR  300) 

National  Enforcement  Investigations  Onter 
National  Institute  for  Occupational  Safety  and  Health 
National  Priorities  List 
No  Observed  Effect  Level 
Nephelometric  Turbidity  Unit 
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ACRONYMNS  (Concluded) 


NWWA 

OSHA 

OSWER 

OVA 

PA 

POC 

QAMS 

QAPP 

QA/QC 

RCRA 

R&D 

RfD 

RI 

ROD 

SAP 

SARA 

SEAM 

SF 

SF298 

SOP 

SOW 

TCLP 

TPM 

uses 

voc 

WPCF 

3-D 


National  Water  Well  Association 
Occupational  Safety  and  Health  Administration 
Office  of  Solid  Waste  and  Emergency  Response 
Organic  Vapor  Analyzer  (mefrr) 

Preliminaiy  Assessment 
Point  of  Contact 

(Quality  Assurance  Management  Staff 
Quality  Assurance  Project  Plan 
(Quality  Assurance/Quality  Control 
Resource  Conservation  and  Recovery  Act 
Research  and  Development 
Reference  Doses 
Remedial  Investigation 
Record  of  Decision 
Sampling  and  Analysis  Plw 

Superfund  Amendments  and  Reauthorization  Act  (1986) 
Superfund  Exposure  Assessment  Manual 
Slope  Factors 

Standard  Form  298.  "Report  Documentation  Page" 
Standard  Operating  ProctMlure 
Statement  of  Work 

Toxic  Characteristic  Le«;hing  Procedure 
Technical  Project  Manager 
United  States  Geological  Survey 
Volatile  Organic  Compound 
Water  Pollution  Control  Federation 
Three-Dimensional 
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